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NUTRITION RESEARCH IN THE FUTURE 


“Chart all the factors in nutrition, organic 
and inorganic, and study their distribution, 
physiology, pathology and interplay. Put 
the need for these factors on a quantitative 
basis with optimum allowance for the com- 
plete cycle of the animal’s life.”” These were 
the guiding principles for nutrition research 
suggested by Professor Hart before the 
American Society of Animal Production in 
1937. Most workers truly interested in nu- 
trition will undoubtedly agree with these 
principles, but many may ask how we are to 
proceed and what training do we need in 
order that progress will be most rapid? If 
past experience can be used as a guide for 
future work I am inclined to believe that the 
emphasis should be placed on diversification 
—a continued use of many living organisms 
and manifold approaches to 
problems. 


ach of our 

The men whom we recognize today as 
pioneers in the field of nutrition did not stop 
to argue about the importance of using hu- 
man subjects or about which animal would 
give the best indication of human require- 
ments; they selected animals that were most 
readily available to them. Lavoisier and 
Laplace used a guinea pig in their ice color- 
imeter, Magendie used dogs for his early 
studies on proteins, and Eijkman used the 
chicken because this animal was available 
from his bacteriologic work. Each type of 
animal seems to lose its usefulness from time 
to time, but many of them will have to be 
used through several cycles before the final 
answers are obtained. The chick was used 
very little after the early work of Fijkman 
until it was reintroduced for vitamin D 
studies about twenty-five years ago. The 
guinea pig colonies were discontinued in most 
laboratories when vitamin C could be meas- 
ured chemically but now they are needed 
again for experiments on the additional 
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guinea pig factors. The value of the rat 
seemed to decrease when it could be grown 
on a purified diet containing only the pure 
vitamins, but methods of altering the intes- 
tinal flora will keep this animal at work for 
some time to come. One often wonders whv 
monkeys have not been used more exten- 
sively but it is now obvious that considerable 
effort has been saved by establishing the 
more obvious nutrients through the use ot 
smaller and cheaper animals. This observa- 
tion should be kept in mind when we consider 
experimental work with human beings. 
These studies must be made in order to ob- 
tain the final story and we will see a great 
increase in the use of human subjects. But 
every effort should be made to get as much 
information as possible from animal studies 
before subjecting individuals or groups of 
individuals to experimental restriction. 
Advances in nutrition have certainly been 
dependent upon studies in physiology, or 
perhaps one may say that the two fields have 
prospered together. Vitamins have 
recognized as a result of investigations on 
enzyme systems in the living cell and nutri- 
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tion studies have helped in understanding 
some of the most intricate metabolic proc- 
esses. The relationship between bacteriol- 
ogy and nutrition might be compared to a 
bacterial growth curve. There was a rather 
prolonged lag phase but we are now in the 
midst of the logarithmic growth phase. A 
blending of ideas about animal and bacteria! 
nutrition is bound to be helpful to progress 
in both fields. 

It may be difficult to find any period in the 
future which will be much more productive, 
as far as synthesis of newly isolated nutri- 
tional factors is concerned, than the past 
decade, but progress in nutrition will always 
be directly dependent upon pure chemistry. 

The immediate future in nutrition there- 
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fore is clear—nutritionists, chemists, physi- 
ologists, and bacteriologists must follow the 
main highway until all nutrients, however 
minute, have been recognized and isolated. 
During the past few years we have gone from 
grams to milligrams to micrograms and even 
millimicrograms in order to express the nutri- 
tional requirements of certain factors on a 
quantitative basis. It appears that we may 
have reached the limit, but it is not impos- 
sible that newer factors may be even more 
active than biotin and folic acid. 

It is true that we now have a surprisingly 
clear picture of nutritional requirements 
when we realize that not so long ago we were 
still considering the relative value of organic 
and inorganic forms of mineral elements, but 
there must be several unidentified factors 
lurking in the small amounts of crude mate- 
rial still needed in the diets of most experi- 
mental animals. I am sure that many 
workers felt that it would be possible to 
produce pernicious anemia in the rat when 
all the vitamins could be added in pure form. 
Such has not been the case and the pernicious 
anemia factor or its precursor must be sup- 
plied in some way. It is rather likely that 
this factor, as well as others, may be pro- 
duced by the intestinal bacteria. In any 
case future studies must recognize the 
changes taking place between the time the 
food enters the intestinal tract and the time 
when the individual nutrients are ready to 
be absorbed. Some nutrients may be pro- 
duced, others may be destroyed. 

What byways can be followed after the 
last factor has been isolated? It will then 
be possible to determine more exactly the 
quantitative needs for all the factors and 
their distribution in foods. Again diversifi- 
cation enters the picture. We need to 
determine the requirement during each 
period of the life cycle. Such studies have 
been badly neglected even for the better 
known nutrients. We have specialized on 
infants and active adults but what about the 
effect of prenatal feeding not only on the 
infant but during later life? Preliminary 
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studies merely indicate the tremendous pos- 
sibilities of improving health through better 
nutrition of the mother. In other words, 
our future studies must involve long-time 
experiments. We have been too willing to 
deal in terms of weeks rather than years. 
Few workers have tackled the problem of the 
relation of nutrition to aging. 

What is the effect of temperature, hu- 
midity, pressure, and intense light on nutri- 
tionalrequirements? Theeffect of drugsand 
poisons has been studied largely on normal 
individuals receiving normal diets, but there 
are indications that the effect of these sub- 
stances may be quite different in the case of 
certain deficiencies. Studies on the relation 
between nutrition and resistance to infection 
have not been too promising to date but 
surely interesting relationships will be un- 
covered with further work. Undoubtedly 
in many cases optimum nutrition will not 
reduce susceptibility to infection but opti- 
mum nutrition in the true sense will cer- 
tainly increase body resistance to certain 
invading organisms. 

This brings us to the final question: What 
is true optimum nutrition? We must inte- 
grate all nutritional requirements and realize 
that we are interested in the performance of 
the entire organism over its entire life span. 
The speeding up of growth or performance 
for short periods of time does not necessarily 
mean improved nutrition. Optimum nu- 
trition will not result from saturation of the 
body with cheap vitamins at the expense of 
other nutrients or the flooding of the body 
with fats and carbohydrates so that the 
body systems never need to exert themselves 
to produce the energy required for the body 
activities. 

It is true that we need proteins, minerals, 
and vitamins to build the intricate machin- 
ery of the body but these systems will not 
be efficient if they are not given some prac- 
tice under rigorous conditions. A football 
player is not supplied continuously with 
footballs to carry over the goal line; there 
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must be interference if the game is to be 
interesting. So in nutrition after we have 
the building blocks we must arrange these 
blocks into an efficient machine capable of 
withstanding all the adverse conditions of 
its environment. The 


most interesting 
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phases of nutrition lie ahead if we are willing 
to recognize the laws of both chemistry and 
biology. 
C. A. ELvenyjem, 
Professor of Biochemistry, 
University of Wisconsin. 


NUTRITION AS IT AFFECTS TOOTH DECAY 


In view of the high incidence of dental 
caries among children and young adults, 
tooth decay is ranked as a major problem of 
public health. Moreover, there is no evi- 
dence that caries has lessened in its incidence 
during the past several decades, despite the 
development of measures designed to pro- 
mote mouth cleanliness and the employment 
of prophylactic dental technics. Obviously, 
there is further need for measures that will 
lessen the inroads of caries. However, in 
order to improve the program for dental 
health it is essential to have a further under- 
standing of the factors contributing to the 
carious process. 

Kesel (J. Am. Dental Assn. 30, 25 (1943)), 
in an excellent review of the etiology and 
control of dental caries, has classified the 
factors in the carious process into two major 
divisions: (1) the exciting factors, which 
actually produce the lesion, and (2) the pre- 
disposing factors, which permit the exciting 
causes to exist and operate. The actual 
exciting causes are few as viewed by the 
author, probably only two. These are, 
first, bacteria within a plaque on the tooth 
surface capable of destroying tooth sub- 
stance by the products of their metabolism, 
and second, material on the tooth surface or 
in the mouth capable of being converted into 
substances harmful to the tooth. Without 
these two conditions, caries in all probability 
could not occur. Yet we know that all 
individuals have bacteria on the tooth sur- 
faces, and most of them, at times, have 
upon their teeth, or in the mouth, materials 
that could be utilized to form acid. 
ever, all teeth do not become carious. 


How- 


There must be present other conditions, 
therefore, which permit damage to be done 
in some instances and not in others. These 
may be classed as predisposing factors, i.c. 
(1) factors which exert their influence 
through systemic or nutritional channels, 
and (2) local factors, which have their effect 
through the immediate environs of the tooth. 

Over a number of years, Boyd and co- 
workers have reported a series of careful 
studies on the role of the systemic or nutri- 
tional factors in the control of dental caries. 
As early as 1928, Boyd and Drain (J. Am. 
Med. Assn. 90, 1867 (1928)) observed that 
the ingestion of highly nutritious diets served 
to check and prevent tooth decay in children 
with diabetes mellitus. Caries was inter- 
preted as arrested when the dentin which 
was exposed in open cavities had become 
impenetrable to the exploring tine without 
the employment of local dental measures. 
‘To make possible such appraisal, some or al! 
carious areas as well as noncarious pits and 
fissures were left unfilled until such harden- 
ing of the dentin had become demonstrable, 
and in numerous instances, for several years 
subsequently. Since hardening of the den- 
tin may occur in certain cases without atten- 
tion to either dental measures or diet, it 
would be of interest to have further details 
regarding the criteria used to distinguish 
the causative factors when hardening of the 
dentin occurred. 

Since these early observations more than 
200 children with diabetes mellitus have been 
observed recurrently over a period of seven- 
teen vears and the findings have served to 
confirm the Bovd 


earlier conclusions. 
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(J. Am. Dental Assn. 30, 670 (1943)) has 
presented a statistical analysis of these 
studies to establish the validity of the Iowa 
observations. On the basis of this analysis 
he concludes that the incidence of caries was 
reduced for years to a negligible level in a 
large group of children and that the effect 
could not properly be ascribed to chance. 

Of the group of 200 children, 55 were ob- 
served following the shedding of all deciduous 
teeth. A study of the dental course of these 
55 children was assumed to offer a reliable 
statistical index of the nature of caries con- 
trol in the whole group. Of the 55 children, 
26 were boys and 29 were girls. The average 
age at the beginning of the study was 12} 
vears, and the average duration of observa- 
tion exceeded five years for each child. On 
the average, fourteen detailed records of 
dental examination for each subject were 
available for analysis. The observations 
included the rate of involvement of the 
enamel as well as of the dentin. The rate of 
progression of caries has been measured in 
terms of number of newly carious, missing, 
or filled dental units becoming apparent. 

The prescribed diet was similar through- 
out the entire period of observation in that 
it was characterized by liberal amounts of 
milk, eggs, meat, vegetables, fruit, and cod 
liver oil daily. Prior to 1934 about 75 per 
cent of the calories was supplied in the form 
of fat, but since then, carbohydrate has sup- 
plied one half and fat one third of the 
calories. 

In review of the data, these points deserve 
special comment. Almost without excep- 
tion, these children were free from advancing 
caries for long intervals of time. When 
advance of caries occurred, it usually was 
interspersed with long periods of nonad- 
vance. In many instances, these periods of 
advance could be correlated directly with 
known lapses in the prescribed dietary reg- 
imen. However, no description is given by 
the author of the character of the lapses in 
dietary practice. It would be of consid- 
erable interest to know in what respect the 
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food intake deviated from the prescribed 
regimen and to correlate this with the re- 
currence of dental caries. 

Before accepting the premise that the 
reduction of caries in these children was due 
to the nature of their dietary regimen, it is 
necessary to determine whether other recog- 
nizable agencies might explain the incidence 
of caries control. The following questions 
have been suggested: Does the group repre- 
sent children who were naturally nonsus- 
ceptible to caries? Was the low caries 
increment rate dependent on the degree and 
extent of caries present at the initial observa- 
tion? Did the level of fluorine in domestic 
water supplies play any demonstrable role in 
the resistance to caries? 

Several facts tend to confirm the belief 
that these 55 children initially possessed the 
same susceptibility to caries as may be ob- 
served in the average child population, and 
that, unless their regimen of dietary control 
was maintained, caries progressed in their 
teeth as in any group of average children. 
First, the incidence of decay was noted in 
the deciduous teeth of 22 of these children 
who were observed for significant periods of 
time before all carious deciduous teeth had 
been shed. Among the children without 
previous dietary regulation, the average 
values for caries were found to be the same 
as in normal children. In the group of 
children with dietary regulations, less than 
the average caries were found in the decidu- 
ous teeth. Second, the incidence of decay 
was noted in the permanent teeth following 
the completion of shedding of all cari- 
ous deciduous teeth. The data show that, 
initially, most children without dietary regu- 
lation tended to have caries similar in degree 
to that observed in average children, but 
that the maintenance of the prescribed 
dietary regimen was accompanied by lower 
values for caries extent. Further study of 
the data reveals that, without exception, 
those children whose dietary control was 
established prior to the age of 6 years were 
entirely free from caries of the permanent 
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teeth when shedding had been completed. 
Furthermore, the incidence of decay follow- 
ing shedding was only 27 per cent as great 
in the 17 children who started the dietary 
regimen prior to the age of 9 years as it was 
in the remaining 35 ostensibly conforming to 
the dietary and whose control dated from a 
more advanced period of childhood. In 
view of the homogeneity of the subjects 
studied in respects other than the duration 
of the dietary regimen, it seemed justifiable 
to conclude, according to the author, that 
the extent of caries during the teens in these 
children was determined by the duration of 
dietary control prior to the age in question. 
Third, the diabetic state in itself offered no 
safeguard against the progression of caries, 
nor did the mere prescription of a dietary 
regimen, for the subjects who failed to follow 
the prescribed regimen for any significant 
interval showed steady and noteworthy in- 
crease in the incidence and extent of caries. 
Thus, one must conclude that the children 
who served as subjects for this study were 
not innately resistant to tooth decay. 

To determine whether either the initial 
extent of caries or the degree of fluorine in- 
gestion was a significant factor in caries 
prevention, statistical correlations were 
made between the relevant factors. It was 
found that there was no evidence of signifi- 
cant correlation between the level of fluorine 
supply and the extent or the increment rate 
of caries. The possible role of fluorine in- 
gestion on the course of caries is not invali- 
dated by these observations. The evidence 
does indicate, however, that if fluorine has 
played any part in the caries pattern of these 
children, its effectiveness has been outdis- 
tanced many times by that of diet. 

No explanation is given as to the role of 
individual foodstuffs in the caries control. 
A suggestion was made by McCollum that 
the high fat content of these diets might be 
responsible for thé’ caries control. At the 
time this sugffest?on was first made diets 
high in fat weredtfiployed. However, since 
1934 the diabefi¢ diets contained no more fat 
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than recommended for the average normal 
child, yet the caries-protecting effect was 
not lost. 

Proponents of the chemico-parasitic the- 
ory of tooth decay, such as Jay (J. Am. 
Dental Assn. 27, 393 (1940)), have accepted 
the lowa findings as evidence to support 
their belief that carbohydrate foods are 
responsible for tooth decay. It is true that 
diets for diabetic children are low in sugar, 
vet cereals and other starchy foods have 
been used as sources of energy with no evi- 
dence of adverse effect on the teeth. 

Also, in observations relating to nondia- 
betie children, Boyd, Drain, and Nelson 
(Am. J. Dis. Child. 38, 721 (1929)) call at- 
tention to the arrest and nonprogression of 
caries in children with celiac disease, who for 
years depended upon dextrose as a source of 
energy. At the time these children were 
first placed under therapeutic management, 
some of them had extensive and progressive 
caries, even though they were barely beyond 
the period of infancy. The prescribed diet 
consisted of skim milk, cottage cheese, 
egg white, orange and tomato juice, sieved 
vegetables and fruits, cod liver oil and lean 
meat. 
sugars and other simple carbohydrates with 


The calories were supplied chiefly as 


about twice the amount of protein that is 
usually recommended, and practically no 
fat. The diet proved to be effective in ar- 
resting and preventing tooth decay as long 
as the prescribed ingredients were taken 
regularly. 

In other studies, Boyd (J. Am. Dietet. 
Assn. 18, 211 (1942)) observed children 
without disease. The nature of the experi- 
mental diets varied, but in most instances 
the prescribed diets met or surpassed recog- 
nized standards relating to the level of intake 
of protein, the various essential vitamins and 
minerals, and energy content. These diets 
were not restricted in their content of sugar 
or starches, as sugar was used on cereals and 
as a constituent of jellies, fruits, and candies. 
Nevertheless these children showed arrest of 
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caries which was similar to that observed in 
children under the diabetic dietary regimen. 

In addition, Boyd mentions a few isolated 
observations made to test specifically the 
effect of large amounts of sugar on the sus- 
ceptibility of the teeth to decay. Children 
who remained in the hospital wards for 
periods of several months were given diets 
which included as much as 8 ounces of sugar 
daily, together with other foods designed to 
provide an optimal intake of protein, min- 
erals, vitamins, and energy content. In 
these studies it would be of interest to know 
the form in which the sugar was taken, i.e. 
whether it was in concentrated form as in 
candy or whether it was in dilution as in 
cake or pudding. Also the time as well as 
the frequency with which the sugar was 
taken would be an interesting consideration 
in view of the work of Stephan and Miller 
(J. Dental Research 22, 45 (1948)). The 
latter workers noted that when a glucose 
rinse was applied to the teeth, between 
meals, there was a marked lowering of pH 
and the production of acids in the dental 
plaque within a few minutes. According to 
Boyd however no extension of caries or 
development of new areas of decay was 
detectable throughout the period of observa- 
tion, even though sucrose and dextrose sup- 


[February 


plied almost half the energy content of the 
diet. It would also be of considerable 
interest to have further details regarding the 
technics used in ascertaining the development 
of caries, since many initial lesions may be 
noted only by use of bite wing x-ray films. 

The author mentions that some subjects 
have been studied specifically because of 
their rampant caries. He states that super- 
vised administration of the prescribed diet 
was sufficient in most of these cases to lead 
to arrest of caries. Certain exceptions were 
studied in the metabolism ward to determine 
the reason for their difficulties. Although 
these studies have not been reported in de- 
tail, the author states that evidence was 
found to indicate that poor utilization of the 
diet was responsible for their poor response 
and with therapy directed toward their poor 
utilization, their retention approached nor- 
mal and caries was arrested. 

Workers in the field of nutrition are aware 
that an improvement of diet is called for 
throughout the whole child population. 
Through the establishment of optimal nu- 
trition, one may look for improvement in 
health and in performance which will reflect 
in various ways. Even though the control 
of caries would in itself be sufficient as a goal, 
the other benefits derived would equally 
justify the effort expended. 


ELECTROCARDIOGRAPHIC CHANGES ASSOCIATED WITH THIAMIN 
DEFICIENCY 


The syndrome beriberi has been described 
as being of two types, the “dry” type and 
the ‘‘wet.”” Heart failure has been regarded, 
at least in large part, as the cause of the 
clinical manifestations of ‘wet’ beriberi. 
Reports of studies in which electrocardio- 
grams were made have not been consistent, 
however, in regard to the changes which may 
be found in the conduction of the electrical 
impulse in the heart. Thus Aalsmeer and 
Wenckebach (Wien. Arch. f. inn. Med. 16, 
193 (1929)) noted only shortening of the PR 


interval, and Keefer (Arch. Int. Med. 45, 1 
(1930)) observed no characteristic abnor- 
malities except low ventricular complexes. 
The heart rate varied between 52 and 136 in 
his cases, and the rhythm was normal. Feil, 
on the other hand, in cases of pellagra pos- 
sibly associated with beriberi (Am. Heart J. 
11, 173 (1936)), noted numerous changes 
including sinus tachycagdja, flattening or 
negativity of the T waygs, prolongation of 
the QT interval, low veliage QRS waves, 
ventricular or auriculayjextrasystoles, and 
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changes in the electric axis, either to the left 
or right. In the cases of nutritional defi- 
ciency observed by Weiss (J. Am. Med. 
Assn. 115, 832 (1940)) in Boston, the most 
common changes were depression and in- 
version of the T waves and prolongation of 
the electric systole. Sinus tachycardia was 
frequent and at times low voltage of the 
electric complexes and premature ventricu- 
lar and auricular beats were observed. 
These effects were regarded as due to lack 
of thiamin. 

In experimentally induced thiamin defi- 
ciency in human subjects, inversion of Ts, 
sinus arrhythmia, sinus arrest, changes in 
deviation of the electric axis (Jolliffe et al., 
Am. J. Med. Sci. 198, 198 (1939)), and dim- 
inution in amplitude of all complexes, espe- 
cially the T waves (Williams et al., Arch. 
Int. Med. 69, 721 (1942)), have been re- 
ported. Bradycardia was found at rest, 
tachycardia and sinus arrhythmia on exer- 
tion. 

In animal experiments, bradycardia has 
been observed in pigeons and in rats early in 
the development of deficiency, but Swank 
and Bessey (Arch. Int. Med. 70, 763 (1942)) 
found tachycardia and inversion of the T 
waves in the second and third leads as the 
deficiency progressed. There has been con- 
siderable discussion as to whether the 
bradycardia is due simply to starvation or 
is caused specifically by a lack of thiamin. 

The earlier studies of this subject, both 
in man and in experimental animals, in 
many instances are open to the criticism that 
deficiency was produced by feeding auto- 
claved diets and that possibly more than 
thiamin was lacking. 

Wintrobe, Alcayaga, Humphreys, and 
Follis (Bull. Johns Hopkins Hosp. 173, 
169 (1948)) have reported a study of the 
electrocardiographic changes in pigs given 
a diet supplemented with crystalline B- 
vitamins. These workers produced _ thi- 
amin deficiency by giving inadequate 
amounts of crystalline thiamin chloride 
and thus did not depend on destruction of 
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this and possibly other substances in the 
diet. Follis, Miller, Wintrobe, and Stein 
(Am. J. Path. 19, 341 (1943)) have already 
described extensive myocardial necroses in 
the hearts of pigs in which thiamin defi- 
ciency was produced in this way. Their 
animals developed signs of heart failure such 
as shortness of breath and cyanosis and a 
number died as a result of cardiac failure. 

Studies were made also in pigs fed auto- 
claved yeast and numerous observations 
were carried out in control animals fed a 
complete diet. In addition, observations 
were carried out on pigs lacking various 
other B-vitamins such as riboflavin, niacin, 
pyridoxine, and pantothenic acid. The 
report gives for the first time an analysis and 
summary of electrocardiographic findings in 
healthy, well nourished pigs, and the obser- 
vations in the thiamin-deficient animals are 
interpreted in comparison with these. 

Slowing of the heart rate in some degree 
occurred in all the thiamin-deficient pigs. 
This was more pronounced than in pigs fed 
a diet correspondingly low in caloric content 
although adequately supplemented with all 
of the B-vitamins. It was also more severe 
than in pigs growing poorly as the result of 
other forms of deficiency even though the 
growth impairment caused by pyridoxine, 
pantothenic acid, or riboflavin deficiency 
was much greater than occurred in the thi- 
amin-deficient pigs. It is of interest to 
note, however, than an extreme degree of 
inanition was associated with severe brady- 
cardia in an animal fed as little as 20 calories 
per kilogram of body weight, but adequate 
amounts of B-vitamins. 

Prolongation of the PR interval (the con- 
duction time between the auricle and ven- 
tricle) was common in the thiamin-deficient 
pigs, and second degree auriculo-ventricular 
block (dropping of ventricular complexes) 
was also observed often. In one instance 
the time interval between ventricular beats 
was as long as 2.68 seconds. 

Less consistently P: (the auricular wave 
in the second lead) became abnormally high 
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and broad and was sometimes notched; the 
QRS or ventricular complex was widened to 
some degree; T, was inverted in some ani- 
mals; and nodal and ventricular premature 
beats, auriculo-ventricular dissociation with 
variable ventricular foci, complete heart 
block with ectopic ventricular rhythm as 
well as bigeminal rhythm, and auricular 
fibrillation were observed in some of the 
animals. These changes became more pro- 
nounced as the thiamin deficiency became 
more severe and disappeared as the defi- 
ciency was modified. 

Of special interest with reference to the 
pathologic physiology of the changes ob- 
served in the electrocardiogram is the ob- 
servation that the injection of atropine 
sulfate in the thiamin-deficient pigs, as well 
as in a starved animal with bradycardia, was 
followed by an increase in heart rate and 
shortening of the PR interval. 

These electrocardiographic changes are 
more pronounced than those which have 
been described in other animals or in man. 
They give further evidence of the funda- 
mental importance of thiamin for the heart, 
particularly in the case of the pig. It is 
of interest that the changes noted were seen 
only in instances of thiamin deficiency and 
were not observed in other types of B-defi- 
ciencies. In this regard it is worth recalling 
that Swank and Bessey (Arch. Int. Med. 70, 
763 (1942)) showed that electrocardiographic 
abnormalities and evidences of cardiac fail- 
ure in thiamin-deficient pigeons were ac- 
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companied by a marked decrease in the 
cocarboxylase content of the heart muscle. 

It would appear from the reported ob- 
servations that bradycardia can be caused 
both by thiamin deficiency and by caloric 
restriction of the diet. It is likely that in 
a given instance both factors operate. It is 
probable that the tachycardia observed in 
human instances of nutritional deficiency is 
a very late evidence of deficiency when 
cardiovascular collapse has been initiated. 
Swank and Bessey contended that the mani- 
festations of cardiac failure in thiamin 
deficiency are due to at least two factors; 
namely, vasodilatation and the effect of 
thiamin deficiency on the myocardium di- 
rectly. It seems probable, in the light of the 
studies of Wintrobe and co-workers, that the 
primary factor is the effect on the myo- 
cardium. This in the terminal stages is 
probably followed by vasodilatation and the 
development of the clinical signs described 
by Weiss and Wilkins (Ann. Int. Med. 11, 
104 (1987), namely tachycardia, bounding 
arterial pulsation, arterial pistol sounds, and 
engorged veins. Wintrobe et al. suggest 
that bradycardia is perhaps a means for 
sparing the heart under the unfavorable 
metabolic conditions of thiamin deficiency. 
Tachycardia is probably the expression of a 
decompensated heart and also perhaps the 
consequence of vasodilatation and reduced 
peripheral resistance. With vasodilatation, 
serous effusions develop and all the signs of 
cardiac failure appear. 


“DAIRY MERIT,” A NEW CONCEPT IN MILK PRODUCTION EFFICIENCY 


The Allied Nations are looking more and 
more toward America for food. The war 
has brought about a production of ships, 
tanks, guns, and planes that formerly seemed 
impossible, largely due to the efficiency with 
which our resources have been utilized. The 
problem of food supply has also been con- 
sistently emphasized as a major war weapon, 
but little mention has been made of the 


efficiency with which domestic animals 
transform the energy of their food into meat, 
milk, and eggs. 

The fundamental concepts and problems 
which confront students of energy metabo- 
lism are similar to those which concern the 
mechanical engineer who studies the rela- 
tion between energy intake in the form of 
coal or oil and the output of mechanical 
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energy. The law of the conservation of 
energy applies equally well to both fields of 
work. In turning the spotlight of critical 
inquiry on the question of the efficiency of 
food utilization we find that the greater part 
of the available energy in food eaten by man 
or by domestic animals is transformed into 
heat. The heat produced by domestic ani- 
mals (and man) is ordinarily measured by 
indirect calorimetry, the three fundamental 
values required for the computation being 
the urinary nitrogen, the carbon dioxide pro- 
duced, and the oxygen absorbed. The per- 
centage of carbon dioxide and oxygen in 
outdoor air is practically constant the world 
over, so that the analysis of expired air from 
an animal, during a measured time interval, 
makes possible the determination of the 
amounts of these gases which were involved 
in the animal’s metabolism. The validity 
of this procedure is beyond question, and is 
roughly comparable to that of the engineer 
who measures the carbon dioxide produced 
by the combustion of coal and calculates the 
heat which is simultaneously liberated. 
Fat and carbohydrate are burned in the 
body with the production of carbon dioxide, 
water, and heat—entirely comparable to 
combustion in a furnace. Protein, however, 
is incompletely oxidized and can furnish 
only about 80 per cent of its potential energy 
to the body, the chief unoxidized end prod- 
uct being urea. These facts constitute the 
basis of most methods of indirect calorime- 
try and have been used extensively in study- 
ing the energy metabolism of man, as well as 
of large and small animals. 

Any condition which permits the escape of 
combustible gases or of heat reduces the 
efficiency of a machine. Similarly, in feed- 
ing animals, that part which is not digested 
or which merely increases the heat produc- 
tion results in a correspondingly lowered 
efficiency in the manufacture of products 
useful to man. It is obvious that some feed 
is required to maintain an animal without 
growth and only that part of the ration 


which is in excess of this basic requirement 
is available for the formation of body tissue. 
The efficiency of transformation of feed 
energy into stored energy in the form of 
meat is thus limited by the overhead cost of 
maintaining the animal at its normal body 
temperature and in supporting all its vital 
functions. However, this is not the only 
unavoidable waste involved in the manu- 
facture of beef from alfalfa hay. 

In attempting to obtain full cooperation 
from domestic animals in a speed-up war 
program, it is distressing to realize that a 
steer consuming an adequate ration in 
maximum amount fails to digest about 30 
per cent of the energy of its feed and loses 
another 5 to 10 per cent in the form of 
methane produced by bacterial fermentation 
in the paunch, or storage stomach. Fur- 
thermore, the heat production increases with 
the amount of feed consumed so that, in 
addition to the heat production of main- 
tenance, there is an additional waste com- 
monly referred to as “heat increment’’ or 
“specific dynamic effect.’”’ As a result of 
this physiologic sabotage, we may expect 
only about 15 per cent of the feed energy to 
appear in the form of edible meat and, under 
conditions of limited food consumption, 
much less may be thus transformed. 

Brody, who has conducted many research 
investigations with cattle by indirect calo- 
rimetry, has recently emphasized the relation 
between energy consumption by dairy cows 
and the caloric value of the milk produced 
(Missouri Research Bull. no.366, (1943)). He 
expresses the efficiency of this energy trans- 
formation, which he calls “dairy merit,’ as 
the ratio of the energy of the milk to the 
energy of the total digestible nutrients in the 
feed consumed. He reports that the most 
efficient animals convert about one third of 
this feed energy into milk energy, 25 per 
cent being a typical value for “‘good”’ dairy 
cows. The efficiency of the use of feed 
energy for milk production is distinctly 
higher than that for beef. 

Brody points out that the smaller animals 
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within a given herd usually show a higher 
dairy merit than the larger ones, as a result 
of the common practice of evaluating per- 
formance and selecting animals by absolute 
standards. That is, it is a much more com- 
mon practice to record milk production from 
individual cows than it is to record individ- 
ual feed consumption or body weight. A 
small cow, retained in the herd because of 
milk production comparable to that of a 
larger animal, is in reality very much more 
efficient since less feed is required for the 
maintenance of her smaller body. Brody 
deplores the fact that although dairymen 
fully realize that there is a maintenance cost 
for every pound of live weight, they ordi- 
narily report milk records without reference 
to body weight. He finds that the milk- 
energy production in different species (rats, 
goats, and cows) varies with, approximately, 
the 0.7 power of the body weight. With 
animals of equal dairy merit, profit is great- 
est with the largest animal because the 
overhead costs such as milking, feeding, and 


cleaning are no more for large cows than for 
small ones. 


While cattle consume large amounts of 
roughage which cannot be used as food by 
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man, the usual hog ration contains a consid- 
erable proportion of corn, wheat, or oats, 
which may be used as food for human beings. 
It is well recognized that the hog easily takes 
first place among farm animals in the con- 
version of grain into meat. Although the 
necessity for animal products in the human 
diet justifies the use of some grain for stock 
feed, it must be remembered that any crop 
usable as food for human consumption fur- 
nishes by far its maximum caloric value when 
used directly. In many thickly populated 
regions of the world the necessity for sur- 
vival prohibits the use of grain other than 
for food. 

The liberal use of milk in the human diet, 
especially in the case of children, is uni- 
versally recommended by leaders in the 
science of nutrition. In the production of 
this all-important food, it is of some satis- 
faction to realize that the dairy cow, which 
has been referred to as the foster mother of 
the human race, can deliver in highly digesti- 
ble form, from products inedible to man, a 
nearly complete human food. The effi- 
ciency of this transformation, which Brody 
has found to be as high as 33 per cent, 
emphasizes the importance of the dairy cow 
as a contributor to our national food supply. 


JAUNDICE IN PNEUMONIA 


While the effect of nutrition on resistance 
to infection is still poorly understood, there 
is good reason to expect that the increased 
number of investigators attracted to a study 
of this relationship during recent years will 
advance our information at a fairly rapid 
rate (Nutrition Reviews 1, 66, 298 (1943)). 
Less attention, however, has been accorded 
the effect of nutrition on the course of 
disease. Sigal and King (J. Pharmacol. 61, 
1 (1937)) showed that an ample vitamin C 
intake protected guinea pigs against the ef- 
fects of diphtheria toxin. There have been 
isolated inconclusive reports that supple- 
mentary amounts of vitamin A given to 


human subjects shorten the duration of 
upper respiratory infections. But one of 
the most interesting of these demonstrations 
made to date is that of Turner and co-work- 
ers who correlated the development of 
jaundice during pneumococcus pneumonia 
with nutritional status (South. Med. J. 36, 
603 (1948)). 

The interest of Turner and associates was 
aroused when they observed that 50 of 74 
Negro subjects with pneumococcus pneu- 
monia seen by them during 1936 and 1938 
had clinically detectable jaundice at some 
stage during their illness. That jaundice 
occurs in a small percentage of patients with 
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lobar pneumonia has been known for many 
years (Cecil, ‘Textbook of Medicine,” 5th 
Edition, p. 129, (1940)). It has also been 
claimed that jaundice occurs more fre- 
quently in Negroes with pneumonia than in 
white patients (Elton, Rev. Gastroenterol. 3, 
132 (1936)), but the incidence among Turner’s 
patients was far greater than could possibly 
be accounted for by racial differences alone. 
During these years, there was much unem- 
ployment among the Negroes in Nashville 
and their economic status suffered accord- 
ingly. Most of the patients included in this 
series had existed on diets composed prin- 
cipally of corn meal, fat “side of meat,” 
turnip greens, and sorghum. It occurred to 
Turner that poor nutrition had made the 
livers of these patients more vulnerable to 
the toxemia of the pneumonia. Unfor- 
tunately, no clinical or laboratory data are 
presented in the report to sustain the im- 
pression of malnutrition, and diets were ap- 
parently not individually analyzed. 

In order to test their hypothesis experi- 
mentally, Turner and associates fed a group 
of 14 dogs for twenty-one to forty-nine days 
on a diet of corn meal, salt pork, boiled 
turnip greens, and sorghum. After several 
weeks, these animals lost weight; they pro- 
gressively rejected increasing amounts of the 
salt pork, but consumed the rest of their 
food. A control group of 8 dogs was given a 
normal laboratory ration said to be nutri- 
tionally adequate. Pneumonia was induced 
by insufflating the lungs with equal parts of 
a broth culture of Pneumococcus type I 
organisms and 6 per cent mucin suspended 
in 15 ml. of autogenous blood. No attempt 
was made to treat the pneumonia; 5 of the 
8 control dogs died in from one to four days 
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while 10 of the 14 dogs on the restricted diet 
died in from one to twenty-two days. There 
was, therefore, no significant difference in 
the mortality of the two groups. However, 
all the dogs which had been on the deficient 
diet developed positive van den Bergh reac- 
tions from one to four days following the 
induction of pneumonia. None of the con- 
trol dogs showed a positive van den Bergh. 
Microscopic examination of the livers of the 
adequately fed animals showed only cloudy 
swelling with congestion of the hepatic 
vessels and sinusoids. The livers of the 
animals given the restricted diet showed 
extensive fatty degeneration, most intense 
near the center of the lobules and least 
marked around the portal areas. 

There is evidence that the cholemia ac- 
companying pneumonia has a pulmonic 
origin (Bianchi, Riv. osp. 24, 447 (1934)). 
However, the livers of the normal animals in 
the above experiments were able to excrete 
the increased amounts of bilirubin sup- 
posedly formed in the lungs at a rate rapid 
enough to prevent the development of a 
positive van den Bergh reaction. The livers 
of the deficient dogs, however, were not able 
to accomplish this result and the plasma 
bilirubin consequently increased. The ex- 
periments were not controlled to see whether 
the hepatic damage occurred solely as a 
result of the diet or because the livers were 
made more vulnerable to the toxemia of the 
induced pneumonia. Nevertheless, the au- 
thors have succeeded in verifying their 
clinical impression by the animal study. 
It seems justifiable for them to conclude 
that many instances of jaundice occurring in 
patients with pneumonia may be related to a 
poor nutritional status. 


ERRORS IN CALCULATION OF THE NUTRITIVE VALUE OF DIETS 


An accurate assessment of dietary his- 
tories is beset with difficulties. In the first 
place, the patient’s history of his dietary 
intake is apt to be unreliable (Nutrition Re- 


views 1, 45 (1942)), and second, the use of 
standard tables for calculating the nutritive 
values of foods may lead to serious dis- 
crepancies when the results are compared 
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with analysis of the actual food consumed. 
Most tables of food composition give only 
average values without minimal and maxi- 
mal figures, and discrepancies are often 
found between different tables. Neither the 
variation in the mineral content of vegeta- 
bles grown on different soils, nor the mineral 
content of the cooking water and the nature 
of the cooking utensil is usually considered. 
Determinations of vitamin content of fresh 
foodstuffs may provide little information as 
to the content in the consumed foods since 
there may be variations in cooking, length 
and conditions of storage, and other factors. 
In an attempt to evaluate the errors in the 
calculation of the nutritive value of food 
intake, McHenry and co-workers have made 
a comparison of the calculated and deter- 
mined amounts of calories, proteins, fats, 
ascorbic acid, and iron for a series of about 
21 meals (Canad. J. Pub. Health 32, 362 
(1941); 38, 224 (1942); 34, 367 (1948)). 
Whole meals were uniformly minced and 
aliquots taken for analysis. Dried samples 
were analyzed for fat by ether extraction, 
protein by the macro Kjeldahl method, and 
calories by ignition in a Benedict oxy- 
calorimeter. The results were compared 
with values calculated from food tables of 
the Canadian Council on Nutrition, and 
with those from “A Laboratory Handbook 
for Dietetics,’ by Mary Swartz Rose. 
When the analytical values were compared 
with the Canadian Council on Nutrition 
values, there was found to be good agree- 
ment for calories and fair agreement for 
protein, the calculated value for the latter 
being slightly lower than the analytical. 
The fat values, on the other hand, were 
definitely lower, the arithmetical mean of 
the percentage differences between calcu- 
lated and analytically determined values 
being +13.7. The spread of the differences 
between the calculated and analytically 
determined values for individual meals was 
+9.7 in the case of calories, +17.8 in the 
case of protein, and +32.4 in the case of 
fat. The deviation of differences was found 
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to be so great for individual meals that in 
the opinion of the authors at least 20 meals 
should be used to secure an average food 
value. The discrepancy in the case of fat 
was striking. A comparison of the analytical 
values with those calculated from Rose’s 
book showed a greater discrepancy in the 
case of calories and proteins, and a somewhat 
lesser discrepancy in the case of fats, al- 
though the arithmetical mean for the latter 
was +10.4. Since there was good agree- 
ment found for calories and fair agreement 
for proteins, the authors state that the dis- 
crepancy in the case of fat must mean that 
the calculated values for fat intake in recent 
surveys are probably too high, while those 
for carbohydrate are too low. 

In the study on ascorbic acid, analytical 
values for whole meals were compared with 
those calculated from three sets of tables: 
(1) Munsell (Milbank Memorial Fund Quart. 
18, 3/1 (1940)); (2) Daniel and Munsell 
(U.S.D.A. Misc. Pub. 275, (1987)); (3) 
Bryan, Turner, Lotwin, and Huenemann 
(J. Am. Dietet. Assn. 16, 891 (1940)). The 
calculated values were all different and in 
many cases there was a much greater dif- 
ference between values for the same meal 
calculated from different tables than between 
the analytical value and the nearest table 
value. In addition, it was found that the 
difference between the maximum and mini- 
mum possible values from the same table 
might be several times that between the 
found and average calculated values. Even 
allowing for inaccuracies in estimating pro- 
portions of food in mixed dishes, cooking, 
etc., the values found showed poor agree- 
ment with those calculated. The analytical 
values were only 24 per cent of the theoretical 
(median) as calculated from the table 
of Munsell, 61 per cent for the U.S.D.A. 
table, and 75 per cent for the table of 
Bryan etal. The values calculated from the 
latter were not only closer to but were also 
more evenly dispersed over the analytical 
values. However, even in this case the dis- 
crepancy was considerable. The necessity 
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for taking this into account when calculating 
ascorbic acid values of diets, especially where 
the intake is low, is apparent. 

In continuation of this study a comparison 
of the calculated (using the food tables of 
the Canadian Council on Nutrition) and 
determined amounts of iron in a series of 21 
meals was carried out. It was anticipated 
that there should be no large discrepancy 
since the only loss of iron would be that in 
the cooking water. It was in fact found that 
if a sufficiently large number of meals were 
used for the calculations, the actual iron 
content was fairly close to the calculated 
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value. However, in most instances, the 
calculated values for single meals showed 
poor agreement with the analytical values, 
the percentage difference being as little as 
+10 per cent in only 3 out of 21 cases. The 
range of error, expressed as percentages of 
actual values was —35 to +244 with an 
average of +27. It is apparent that the 
calculation of iron content of one or two 
days’ meals is apt to give an erroneous 
evaluation of average iron intake, and fur- 
ther that the iron intake calculated from the 
Canadian Council on Nutrition tables are in 
excess of actual values. 


PHYTIC ACID AND IRON ABSORPTION 


McCance and Widdowson previously sug- 
gested that brown bread might interfere with 
iron abserption due to its high phytic acid 
content (Nutrition Reviews 1, 59, 269 (1943)). 
In continuation of their study, McCance, 
Edgecombe, and Widdowson (Lancet II, 126 
(1943)) investigated the effect of incorporat- 
ing sodium phytate (and disodium hydrogen 
phosphate) into the diet and measuring its 
effect on the absorption of various amounts 
of ferric and ferrous ammonium sulfate. 

Iron absorption was measured by deter- 
mining the increase in serum iron produced 
during the eight hours after ingestion of the 
iron salt being tested. The technic is 
roughly comparable to the familiar glucose 
tolerance test. With this method, an in- 
crease in the serum iron value establishes 
the fact that iron is absorbed; the rise is 
proportional to the degree of absorption 
but provides no data as to the exact 
amount assimilated. Comparison was made 
of the effect produced by sodium phytate 
and disodium hydrogen phosphate on iron 
absorption. 

Nine normal subjects (4 men and 5 
women) participated in the experiments. 
After an overnight fast the subjects had 
blood samples taken. They were then given 
a breakfast consisting of bread (1.8 g. per 


kilogram), jam (1.1 g. per kilogram) and 
ferrous or ferric ammonium sulfate (8 mg. 
iron per kilogram). The iron salt was mixed 
with the jam and spread on the bread. 
Sodium phytate (and phosphate), when fed, 
was incorporated into the dough and added 
in such quantity that there was twice as 
much phytic acid (or phosphate) phosphorus 
in the portion of bread eaten as would com- 
bine with all the iron taken at the same time. 
Blood samples were obtained at intervals 
up to eight hours after eating and the iron 
content of the serum determined colorimet- 
rically using thiocyanate. The fasting 
serum iron levels showed considerable vari- 
ability not only from individual to individual 
but also with the same individuals on sam- 
ples taken after one to three week intervals. 
No explanation could be found for this 
rather wide variation. However, there was 
little variation during the eight hour period 
after feeding iron. In attempting to assess 
the effect of sodium phytate (and phos- 
phate) on iron absorption the average fasting 
serum iron levels of each individual was 
used to establish a base line. Variations 
from this base line were then plotted using 
the values found during the eight hours after 
feeding. 

Ferrous iron was better absorbed than 
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ferric iron in all but one case. When sodium 
phytate was fed along with iron, the full 
rise in serum iron was prevented. This oc- 
curred both with ferrous and ferric iron, but 
the effect was more constant and greater in 
the latter. Phosphate also interfered with 
iron absorption, but its effect was not so 
great as that of phytate. It is of interest to 
note that while there was a definite inter- 
ference of iron absorption in the presence of 
sodium phytate, there was still a consider- 
able absorption of iron. 

If the rise in serum iron after iron feeding 
is assumed to be proportional to the amount 
of iron absorbed, it is clear from these ex- 
periments that sodium phytate added to 
bread reduces absorption. In the opinion of 
the authors, the phytates of whole cereals 
should have a similar effect and would be 
capable of combining with iron present in 
the rest of the diet, and thus inhibit its 
absorption. 

These results are consistent with those 
which have measured the utilization of iron 
phytate in anemia. Nakamura and 
Mitchell (J. Nutrition 26, 39 (1943)) found 
that anemic rats utilized the iron of ferric 
phytate only about one-half as well as the 
iron of ferric chloride. Fuhr and Steenbock 
(J. Biol. Chem. 147, 59 (1943)) also noted 
that the production of hemoglobin in anemic 
rats was less with ferric phytate than with 
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ferric ammonium sulfate. Moore, Minnich, 
and Dubach (J. Am. Dietet. Assn. 19, 841 
(1943)) have reported that 12 g. of iron 
phytate (containing 1 g. of metallic iron) 
had less therapeutic effect in the treatment 
of iron deficiency anemia in human subjects 
than did 0.8 g. of ferrous sulfate per day 
(less than 0.3 g. metallic iron). The admin- 
istration of ferrous sulfate after a pre- 
liminary two week period of iron phytate 
medication always resulted in the pro- 
duction of a secondary reticulocyte response. 
These studies have more than theoretic 
interest since iron phytate is currently 
used in the food enrichment program. If 
16 mg. of iron are added to a pound loaf of 
bread, each 6 slices contain about 5 mg. of 
added iron. If it is assumed that absorption 
of this iron is 50 per cent complete (probably 
much too high a figure), then 2.5 mg. of iron 
may be assimilated from this amount when 
the iron is in a readily absorbable form. 
However, since | g. of iron as iron phytate 
has less therapeutic effect than 0.3 g. as 
ferrous sulfate, the phytate is less than 30 
per cent as well assimilated as the sulfate, 
and the above figure of 2.5 mg. must be 
reduced to at least 0.75 mg. The conclusion 
seems justified that the daily ingestion of 
6 to 8 slices of bread with added iron 
phytate would probably lead to the absorp- 
tion of only a fraction of a milligram of iron. 


RIBOFLAVIN IN OCULAR TISSUES 


The early vascularization of the cornea in 
riboflavin deficiency has been explained as 
“a response to asphyxia’ (Bessey and 
Wolbach, J. Exp. Med. 69, 1 (1939)). 
While the cornea is not considered an active 
tissue metabolically, it is known to degener- 
ate rapidly in vitro under anaerobic condi- 
tions. The mechanism for respiratory gas 
exchange in this normally avascular tissue is 
said to be one of simple diffusion of atmos- 
pheric oxygen into the eye, and outward 
diffusion of carbon dioxide. The role of 


riboflavin is thus thought to be that of an 
oxidative catalyst in the aerobic metabolism 


of the cornea. Whether the cornea actually 
suffers a decrease in riboflavin content dur- 
ing a deficiency state has not been estab- 
lished. It would seem important to obtain 
this information for support of the above 
hypothesis. 

The source of riboflavin in the corneal 
epithelium has been thought to be the peri- 
corneal blood vessels at the limbus. Philpot 
and Pirie (Biochem. J. 37, 250 (1943)) have 
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studied the riboflavin and riboflavin adenine 
dinucleotide content in the ocular tissues of 
the ox. Total riboflavin was estimated by 
the microbiologic method of Snell and 
Strong; the nucleotide by the d-amino acid 
oxidase technic of Warburg and Christian, 
using the specific enzyme-protein from 
sheep’s kidney. The purpose in measuring 
both total flavin and riboflavin adenine 
dinucleotide was to determine whether the 
distribution and type of flavin present would 
aid in explaining the sensitivity of the cornea 
to riboflavin deficiency. Since practically 
all the known flavoproteins concerned in 
oxidation reactions have flavin adenine di- 
nucleotide as their prosthetic group (the 
exceptions are the old yellow enzyme and 
cytochrome ¢c reductase), the type of flavin 
found might indicate its importance in 
oxidative reactions. In general, the results 
showed a close agreement between the ribo- 
flavin values obtained by the two methods, 
indicating that the dinucleotide represented 
the major part of the total riboflavin. 
Analysis of different parts of the eye re- 
vealed the following average riboflavin con- 
tent in micrograms per gram wet weight of 
tissue: corneal epithelium 2.0; substantia 
propria 0.2; conjunctiva 2.0; aqueous humor 
1.0 (per 100 ml.); iris 1.5; ciliary body 2.0; 
lens 0.1; vitreous humor 0.8 (per 100 ml.); 
retina 3.0; choroid 2.0; meibomian glands 
4.0; meibomian secretion 3.5; lachrymal 
glands 6.5; tears (human, rabbit, and rat) 
13.5 (per 100 ml.). 

The low flavin content of the aqueous 
humor and the substantia propia is striking 
when compared with the corneal epithelium 


and indicates an accumulation of flavin in 
the latter tissue. These differences indicate 
that the source of riboflavin in the corneal 
epithelium is not the pericorneal blood 
vessels. A different source is suggested by 
the high riboflavin content of the meibomian 
and lachrymal glands and their secretions. 
The analytic values show that these glands 
contain a greater amount of flavin than do 
any other parts of the eye. In this connec- 
tion it is of interest to note that Bessey 
and Wolbach observed that in riboflavin 
deficient rats, the ‘‘yellow material’ in the 
acini of the harderian glands disappeared. 

Philpot and Pirie, as a result of this study, 
suggest that since the corneal epithelium 
contains more flavin than the substantia 
propia or aqueous humor, flavin may be 
supplied from the eye secretions rather than 
(or as well as) from the limbal capillaries. 
This interesting and important hypothesis 
naturally leads to the suggestion that the 
primary eye lesion in riboflavin deficiency is 
in the eye glands, and that secondarily, the 
cornea suffers because of a diminution in the 
source of flavin. On this basis one might 
assume that the vascularization of the cornea 
either represents an attempt to provide an 
additional source of riboflavin, or more 
likely, is merely a response to injury of 
the epithelial cells. Since the metabolic 
activity of the glandular tissues is greater 
than that of the corneal epithelium, it is 
reasonable to expect that these tissues would 
suffer from a flavin deficiency before the 
corneal epithelium. It would seem a worthy 
undertaking to obtain information on the 
flavin content of the secretions of the eye in 
normal and deficient subjects. 


COUNTERACTING THE EFFECT OF DICOUMARIN 


Ever since the discovery, by Campbell 
and Link, of the substance which produces 
sweet clover disease in cattle (J. Biol. Chem. 
138, 21 (1941)), clinicians have been 
interested in the use of dicoumarin as an 


anticoagulant, particularly in the preven- 
tion and treatment of thrombosis. The use 
of this substance, however, has been tem- 
pered by the fear of producing excessive 
prolongation of prothrombin and of co- 
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agulation time, with excessive and perhaps 
serious bleeding as a consequence. 

The only effective clinical method for 
reducing the hypoprothrombinemia caused 
by the administration of .dicoumarin has 
been the transfusion of fresh blood. Syn- 
thetic vitamin K, 2 methyl-1, 4-naphtho- 
quinone, which is both chemically and 
physiologically somewhat different from 
natural vitamin K, has been of no value for 
the desired quick reversal of the hypopro- 
thrombinemic state caused by dicoumarin. 

Davidson and MacDonald (New Engl. J. 
Med. 229, 353 (1943)) have succeeded with 
4 out of 5 patients in demonstrating a 
prevention or reversal of the dicoumarin 
effect with the natural vitamin K, oxide. 
In the fifth patient, the doses used were 
probably insufficient for a positive effect. 
Untoward reactions of the therapy consisted 


The importance of dietary protein as one 
of the regulators of hemoglobin synthesis 
has been emphasized many times during 
the last few years. Bethell (J. Am. Med. 
Assn. 107, 564 (1936); Nutrition Reviews 1, 
76 (1943)) demonstrated that an in- 
adequate intake of dietary protein by 
pregnant women could be correlated with 
the incidence of macrocytic anemia during 
pregnancy. Furthermore, the anemia could 
be corrected by simply increasing the intake 
of protein. Whipple and associates have 
not only shown in their standard anemic 
dogs that the regeneration of hemoglobin is 
more rapid when adequate amounts of 
protein are supplied (Hahn and Whipple, 
J. Exp. Med. 69, 315 (1939)), but also 
evaluated several proteins and mixtures of 
amino acids in terms of their ability to 
produce hemoglobin (Nutrition Reviews 1, 
284 (1943)). Orten and Orten (J. Biol. 
Chem. 128, lxxvii (1939)) found that a 
chronic anemia of moderate degree de- 
veloped in rats fed a low protein diet; 
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of transient headache, and in one instance, 
vomiting. For intravenous administration, 
the vitamin was dissolved in alcohol and 
suspended in an aqueous glucose solution. 

It is generally agreed that the action of 
vitamin K and the antagonistic action of 
dicoumarin are concerned with the formation 
of prothrombin rather than an effect on 
prothrombin itself, and also that synthetic 
vitamin K has a neutralizing effect, even 
if not immediate, on dicoumarin hypopro- 
thrombinemia. On this basis it must be 
assumed that the superiority of the natural 
over the synthetic vitamin consists of either 
a more rapid or intense action on pro- 
thrombin formation. In any event, further 
application and confirmation of these find- 
ings, and ready availability of such com- 
pounds, hold promise of becoming a valuable 
clinical technic. 


control animals given more protein had 
normal erythrocyte and hemoglobin levels. 
These latter experiments provided the most 
direct demonstration that limitation of 
dietary protein could cause the development 
of an anemia, but caloric values of the diets 
were not carefully controlled. The studies 
have been extended to include an evaluation 
of the effect of different levels of energy 
intake and iron on the chronic anemia 
produced by diets low in protein (Orten and 
Orten, J. Nutrition 26, 21 (1943)). 
Twenty-one day old weanling female rats, 
weighing from 40 to 50 g. each, were housed 
in individual cages having a wide mesh 
screen bottom. Five groups of animals 
were studied and all received vitamin 
supplements of a rice polish extract, a liver 
extract, and a cod liver oil concentrate. 
The first group, consisting of 15 rats, 
received adequate protein and was fed the 
following diet for seventy-six days: lactal- 
bumin 18 per cent, sucrose 10 per cent, white 
dextrin 41 per cent, hydrogenated vegetable 
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oil 27 per cent, and a salt mixture 4 per cent. 
The average daily food intake for each rat 
of this group was 8.8 g. At the end of the 
feeding period, these animals had an average 
hemoglobin of 15.8 g. per 100 ml. of blood, 
an average erythrocyte count of 8.1 million 
cells per cmm., and an average reticulocyte 
level of 2.2 per cent. All these values are 
normal for rats of this age. The second 
group consisted of 26 rats which were given a 
low protein diet in which the above diet was 
altered to provide 3.5 per cent Jactalbumin 
and 55.5 per cent dextrin. Their average 
daily food consumption was only 4.9 g. 
At the end of seventy-six days these animals 
had normal red blood cell counts (8.1 
million cells) but hemoglobin levels of 
only 11.5 g.; the average reticulocyte count 
was increased to 7.3 per cent. The presence 
of a moderate reticulocytosis is indicative, 
the authors believe, of a compensatory effect 
by the bone marrow to increase the erythro- 
cyte output. This group of animals, 
together with additional rats started at a 
later date, were then divided into three 
subgroups. The first of these (2a) was 
continued on the same low protein diet for 
an additional sixteen weeks; there was no 
further significant change in the hemo- 
globin. The second subgroup (2b) was 
given an isocaloric diet in which the protein 
was increased to 40 per cent so as to provide 
as much lactalbumin as was given to rats in 
Group I above. The hemoglobin levels 
returned to normal within four weeks. 
The third subgroup (2c) was continued on 
its low protein diet but given 1.0 mg. iron 
as ferrous sulfate daily as a supplement; no 
change in hemoglobin values resulted. 

A third group of 8 animals served as 
“calorie weight” controls. Their diet was 
isocaloric with that fed to Group II, but 
the protein was adjusted every four days so 
as to provide them with as much protein 
as was being consumed by the rats in 
Group I. Their hemoglobin, red blood cell 
count, and reticulocyte level remained 
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normal. Group IV, an “inanition control’ 
group, consisted of 8 rats which were litter 
mates of animals in Group II. By the 
paired feeding technic, they were given the 
same caloric intake as their litter mates, 
but were fed the adequate (18 per cent) 
instead of the low (3.5 per cent) protein 
diet. The average hemoglobin value for 
these animals was 14.8 g., slightly less than 
that for Groups I and III. The fifth group 
of rats received a low protein ration (3.5 per 
cent) but was given enough extra calories as 
fat and carbohydrate so that the caloric in- 
take was comparable to the energy consump- 
tion in Group I. These animals were the 
most severely anemic of all. Their erythro- 
cyte levels averaged 7.5 million cells, hemo- 
globin only 9.9 g., and reticulocytes were 
elevated to 16 per cent. However, since 
only 4 rats were studied in this group, too 
much emphasis cannot be placed on this ap- 
parently greater degree of anemia. The 
average weights of the rats at the end of the 
feeding periods were as follows: Group I, 
235 g. (greater than normal gain); Group IT, 
82 g.; Group III, 147 g.; Group IV, 135 g.; 
Group V, 68 g. 

These additional experiments by Orten 
and Orten offer strong support to the ac- 
cumulating evidence that an adequate quan- 
tity of dietary protein is essential for normal 
hemoglobin formation. That iron would 
have no therapeutic value on the anemia 
produced by the low protein diets was to be 
expected. The most significant contribu- 
tion, however, is the demonstration that the 
effect of the low protein diets is specific and 
does not represent a result of simple inani- 
tion. Isocaloric energy intakes providing 
different levels of protein consumption pro- 
duced widely different effects on hemoglo- 
bin formation. The authors suggest that a 
low protein diet, in addition to supplying less 
protein for hemoglobin synthesis, may alter 
the absorption, retention, or utilization of 
other substances essential to normal eryth- 
ropoiesis. 

































Present day methods of poultry produc- 
tion, where chicks are reared in battery 
brooders and fed mashes completely selected 
by the feeder, no do.ot eliminate many 
natural hazards. On the other hand, na- 
ture’s safeguards may also be eliminated 
and new nutritional deficiency diseases have 
appeared since such materials as soil and 
insects are no longer available as supple- 
ments to the diet. Perosis, also known as 
“hock disease’”’ and “slipped tendon’”’ is such 
a dietary disease in chicks. The deficiency 
diseases have become practical problems in 
the poultry industry and no doubt account 
for the important role that poultry depart- 
ments have played in the recent development 
of nutrition. 

Perosis is characterized by shortened leg 
bones and enlarged, flattened hock joints. 
In severe cases the tendon slips in its condile 
to one side of the joint so that the joint no 
longer articulates in its usual manner. 
Weird and distorted joints occur and the 
chick is no longer able to stand or move 
about. 

Several groups of investigators from 1930 
to 1935 showed that excessive amounts of 
bone meal, calcium carbonate, calcium phos- 
phate, and other salts would cause or in- 
crease the occurrence of perosis. Various 
people observed a correlation between the 
amount of phosphorus in the ration and the 
incidence of perosis. In 1936 Wilgus, 
Norris, and Heuser (Science 84, 252 (1936)) 
reported that the addition of small amounts 
of manganese would prevent the disease 
and this was confirmed in several labora- 
tories. It is apparent that large amounts of 
other minerals render manganese unavail- 
able if it is present only in traces. The 
manganese requirement is from 0.003 to 
0.01 per cent of the ration depending upon 
its composition. 

No thorough study of the pathologic 
changes involved in perosis has been re- 
ported. Caskey, Gallup, and Norris (J. 
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Nutrition 17, 407 (1939)) showed that the 
ash content of perotic bones is only slightly 
lower than normal. Wiese and associates 
(J. Biol. Chem. 127, 411 (1939)) found that 
the phosphatase of the blood and bones of 
chicks afflicted with perosis was markedly 
lower than normal. Since phosphatase is 
known to be elevated in vitamin D de- 
ficiency, Combs, Norris, and Heuser (./. 
Nutrition 23, 131 (1942)) made an interest- 
ing study of a combined vitamin D and 
manganese deficiency on bone ash and phos- 
phatase. The bone phosphatase failed to 
rise in chicks depleted of both vitamin D and 
manganese in contrast to those depleted of 
vitamin D only. The authors feel that the 
lowered bone phosphatase in perosis retards 
the development of the bone with the result 
that the bones are shortened, the ash content 
of the bones is somewhat reduced, and the 
strength of union between the epiphysis and 
diaphysis is reduced. The distortion of the 
bones may be due to the fact that the bones 
are not strong enough to support the body 
weight. The authors also point out the 
possible relation of “‘slipped epiphysis’ in 
children (Ghormley and Fairchild, J, Am. 
Med. Assn. 114, 229 (1940)) to the symp- 
toms occurring in perosis. 

As early as 1936 (Heller and Penquite, 
Poultry Sci. 15, 425 (1936)) there were sug- 
gestions that perosis might also be caused 
by a lack of an organic factor in the diet and 
in 1940 it was shown by Jukes (J. Biol. Chem. 
134, 789 (1940)) and Hegsted et al. (J. Biol. 
Chem. 138, 459 (1941)) that a deficiency of 
choline in turkey poults and chicks resulted 
in severe perosis. Approximately 0.2 per 
cent choline is required for normal growth 
and the prevention of perosis (Jukes, J. 
Nutrition 20, 445 (1940)). Although the 
gross symptoms are not distinguishable from 
those obtained in manganese deficiency, 
Hegsted et al. showed that bone phosphatase 
is normal in the perosis due to choline de- 

ficiency. One might suspect that man- 
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ganese, through its effect on phosphatase, 
and choline may be intimately related since 
choline is a constituent of the phosphatides 
which are possible substrates for the various 
phosphatases. 

Other data have shown that biotin de- 
ficiency (Jukes and Bird, Proc. Soc. Exp. 
Biol. Med. 49, 231 (1942); Richardson, 
Hogan, and Miller, Univ. of Mo. Res. Bull. 
no. 343 (1942)) will also produce perosis as 
one of the deficiency symptoms in chicks. 
Richardson et al. have produced perosis due 
to biotin deficiency both on highly purified 
diets and on diets containing raw egg white. 
Moreover, considerable evidence has been 
presented to show that still other factors 
distinct from biotin, choline, and manganese 
are involved in perosis (Richardson and 
Hogan, Proc. Soc. Exp. Biol. Med. 48, 459 
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(1941)). Evans, Carver,and Brant (Poultry 
Sci. 23, 88 (1943)) have also found that on a 
ration which was choline deficient, but ade- 
quate in manganese and presumably biotin, 
the perosis-preventing action of various 
feedstuffs did not correlate with their choline 
content. 

Thus it is now known that perosis may 
result from a deficiency of manganese, 
choline, biotin, or perhaps two or more un- 
known dietary factors. The striking simi- 
larity of the deficiency symptoms indicates 
a close biochemical relationship of these 
factors. The effect appears to be primarily 
on bone formation and invites extensive 
studies in pathology and biochemistry. The 
probability of similar relationships in other 
species is likely but remains to be in- 
vestigated. 


RELATIONS BETWEEN FEED, LIVESTOCK, AND FOOD 


As the war progresses, the quantitative 
aspects of the over-all nutrition picture loom 
into prominence in the light of dwindling 
supplies of livestock feeds. It now appears 
that the limit of livestock production, in 
proportion to the feed supply, has been 
severely strained and that future farm pro- 
duction programs must be conservative with 
respect to increased numbers of livestock. 
It has been suggested that future emphasis 
will be placed on the production for and the 
consumption by man of more vegetable 
proteins and cereals. 

Nutritionists are now studying this prob- 
lem from the viewpoint of its benefit or 
detriment to the population as a whole. 
However, economists are openly advocating 
the substitution of direct consumption of 
crops for indirect consumption in the form of 
animal products, particularly as a means of 
supporting more persons on a given quan- 
tity of crops. 

Jennings, in “Relations Between Feed, 
Food, and Livestock at the National Level” 
(U.S.D.A. Circular no. 670 (1943)), has 


reported the results of a statistical study of 
the over-all feed consumption by livestock 
from 1910 to 1941 in which are pointed out, 
from the economic viewpoint, some aspects 
of food production by livestock which affect 
this problem. The data which the author 
presents should be useful in estimating feed 
requirements for future quantities of live- 
stock products, or in making estimates of 
the livestock population which can be fed 
at the national level or in a specific region. 
The factors and data which are considered 
to be necessary for making these estimates 
are given. In addition the data presented 
are useful in answering the question, “How 
much more feed is necessary to produce a 
given quantity of milk as compared to pork 
or eggs?” Averages are given for the 
United States and are taken to be repre- 
sentative of a variety of conditions which 
differ widely in different localities. Beef 
cattle in the Southwest, for instance, are 
heavy feeders on grass, in the East much 
hay and fodder is fed, while in the Corn Belt, 
cattle receive a heavy feed of corn. 
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The author employs two devices for the 
purpose of reducing the data to a common 
basis, the feed unit and the animal unit. 
The feed unit, which is the common denomi- 
nator of all kinds of feed, is equal to the 
feeding value of one pound of corn. The 
animal unit, combining all kinds of livestock 
into one figure, is the dairy cow, or rather 
the feed required by one milk cow for one 
year. Although it is an arbitrary value, 
the feed unit thus gives some basis for com- 
bining feeds which differ widely in nutritive 
value. These are grains, commercial feed 
materials, miscellaneous concentrates, hay 
and other roughages, and pasture. Likewise 
for the animal unit all classes of livestock 
are converted to animal units on the basis of 
their feed requirements for one year. 

Jennings reports that the total number of 
livestock, when measured in animal units, 
has fluctuated between 97 million and 120 
million units over the period 1910 to 1943, 
the peak occurring in 1919. For 1943 the 
number is over 117 million animal units. 


However, the volume of livestock pro- 
duced, excluding horses, was highest in 1943. 
Thus, at present the output of livestock for 


food is at a record level. In 1943 milk cows 
accounted for 26 per cent of the total live- 
stock on farms (excluding horses and mules), 
whereas cattle other than milk cows ac- 
counted for 35 per cent. Hogs accounted 
for 21 per cent, sheep and goats 7 per cent, 
and poultry about 10 per cent of the total 
livestock population. 

Comparing the periods 1938 to 1940 and 
1929 to 1933, the author presents data to 
show a decrease in the use of feed grains and 
an increase in the use of legume hay in more 
recent years, as well as a higher percentage 
of protein in the feed supply. Commercial 
feed materials have become more important 
sources of concentrates, and one half of the 
commercial feed materials were high protein 
feeds as compared with one-third in the 
earlier period. Pasture accounted for 38 
per cent of all feed in 1938 to 1940. 

The importance of each kind of feed varies 
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with the different kinds of livestock. Grain 
makes up a high percentage of the total feed 
supply for hogs and poultry, and pasture a 
high percentage of the total for sheep and 
beef cattle. In 1938 to 1940 dairy cattle 
consumed 34 per cent of all feed nutrients, 
beef cattle 20 per cent, and hogs 15 per cent. 
Hogs used about 45 per cent of the corn 
while dairy cattle and poultry each con- 
sumed 17 per cent of this important cereal. 
Poultry and dairy cattle are the large con- 
sumers of commercial concentrates. 

The quantity of feed required to produce 
a unit of output (100 pounds of hogs or 
cattle, 1 quart of milk, or 1 dozen eggs) 
varies in different producing areas, and from 
year to year. Some of the factors responsible 
for this variation are: (1) the composition 
and quality of rations as related to the 
price and availability of feed, (2) severity 
of winter weather and the length of the 
pasture season, (3) the extent to which 
animals are fattened, (4) the kind of feed 
and the kind of livestock, and (5) the preva- 
lence of disease. 

In spite of year to year variations which 
may be accounted for by the above factors, 
it appears that the output per unit of feed 
has increased somewhat for poultry and 
perhaps for hogs over the last thirty years. 
Less grain is indicated as being used in pro- 
ducing 100 pounds of hogs than was required 
fifteen to twenty years ago, owing partly 
perhaps to the increased use of legume pas- 
ture for hogs. Less feed is required to pro- 
duce a hundred eggs now than was needed 
in 1910 or 1920, the result, at least in part, 
of culling of low producers from flocks and 
of improved feeding practices. Production 
of milk per cow at the present time is also 
greater than thirty years ago. 

With respect to protein, Jennings says 
that our livestock have not been fed enough 
of this particular nutrient for greatest ef- 
ficiency, although the trend in recent years 
has been toward more liberal protein feeding. 
However, this trend has been reversed under 
wartime feeding conditions, and some nu- 
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tritionists are adopting the attitude that 
perhaps we have been somewhat wasteful of 
protein in the past. 

Generally speaking, protein deficiency 
has been a regional problem over the years. 
The South has had plenty of cottonseed 
meal while the Great Plain states have had 
but small supplies of protein. The Corn 
Belt, as a whole, has not used protein liber- 
ally. Dairy cows in the East are generally 
well supplied with protein much of which is 
of commercial origin. The same is largely 
true for poultry. Hogs, on the other hand, 
have been deficient in protein, many being 
raised on corn alone. Skim milk from 7 
cows is necessary to provide 30 hogs with a 
full supply of protein. Tankage is the most 
common protein supplement purchased and 
is not now available in adequate amounts. 
Soybean meal is finding increased use during 
the war period. 

About two thirds of the feed used by live- 
stock is not suitable for direct human con- 
sumption. This includes hay, pasture, mill 
feeds, and other feeds that are converted into 
meat, eggs, and milk. Much of the protein 
as well as some of the energy needed in the 
human diet is supplied by livestock products. 

The various kinds of livestock differ in 
their ability to convert feed materials into 
food for man. There is not a great deal of 
difference in the feed (excluding pasture) 
used per dressed pound, for the different 
kinds of meats, or for a pound of eggs. If all 
feed nutrients are considered, including 
grass, sheep and beef cattle require much 
more than hogs or poultry per pound of 
dressed product. However, in addition to 
food, wool and hides are produced by sheep 
and cattle. All livestock products do not 
have the same food value. On the basis of 
energy, pork is highest and milk the lowest. 
On the basis of protein, poultry and beef 
are the highest, followed by lamb, eggs, 
pork, and milk. 

Efficiency in converting feed materials 
into food for man may be expressed on the 
basis of the feed units required to produce a 
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given quantity of energy, or of protein, or a 
combination of the two, or a given money 
value. The author has chosen to calculate 
the number of feed units used by each class 
of livestock to produce 2600 calories and 
0.15 pound of protein as approximations of 
the daily human requirement. 

On the energy basis, using all feed in- 
cluding pasture, hogs and milk cows were 
found to be the most efficient converters of 
feed into food. These are followed by 
turkeys, laying flocks (eggs), chickens for 
meat, beef, and sheep. Omitting pasture, 
hogs and dairy cows are still the most effi- 
cient. Using protein as a measure of food 
value, milk cows are the most efficient 
followed by turkeys and chickens for meat 
and for eggs. When a combination of 
energy and protein is used as a measure, 
with all feed including pasture used as a 
measure of feed input, milk cows followed 
by hogs and turkeys are the most efficient. 

About 12 to 15 pounds of grain must be 
fed to livestock to produce enough meat 
and other livestock products to support a 
man for one day, whereas 2 to 3 pounds of 
grain eaten directly will support a man for 
this period. Livestock may be considered 
as not converting grain into food efficiently, 
but on the other hand it converts grass and 
other material into food for human con- 
sumption. More than half of the feed 
supply of the United States is roughage suit- 
able only for livestock feeding. Further- 
more, livestock products furnish necessary 
animal protein and vitamins to the human 
diet, as well as indispensable pharma- 
ceuticals. 

It seems inevitable that in this country 
the emphasis in food production planning 
will shift from more livestock products to 
more vegetable proteins and cereals to meet 
emergency conditions. Regulatory meas- 
ures and price control may be used to en- 
courage the feeding of the most efficient 
animal converters and liberate more cereal 
products for direct human consumption. 
Food habits, the special food needs of in- 
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fants and growing children, industrial uses 
of cereals, and a sound over-all long range 
program for agriculture are all factors to be 
considered in this problem. The extent of 


FOLIC ACID PRODUCTION 


Although folic acid, one of the most recent 
additions to the group of B-vitamins, has 
not been isolated and identified, its rolein me- 
tabolism is being studied in several different 
laboratories. Concentrates containing folic 
acid have proved effective in the treatment 
of leucopenia and anemia in rats maintained 
on purified diets containing sulfonamides 
(Spicer, Daft, Sebrell, and Ashburn, Public 
Health Rep. 61, 1559 (1942); Axelrod, 
Gross, Bosse, and Swingle, J. Biol. Chem. 
148, 721 (1943)) and in monkeys fed purified 
diets alone (Langston, Darby, Shukers, and 
Day, J. Exp. Med. 68, 923 (1938); Saslaw 
et al., Science 97, 514 (1943)). Pfiffner et al. 
(Science 97, 404 (1943)) have presented 
evidence which indicates that folic acid may 
be identical with a crystalline chick anti- 
anemia factor which is also highly active in 
growth factor activity for Lactobacillus 
casei E. 

Williams (J. Am. Med. Assn. 119, 1 
(1942)) has reported that the average daily 
folic acid intake of well fed adults is about 
1.4 mg. units per day. Wright and Welch 
(Science 98, 179 (1943)) have found an 
average daily urinary excretion of only 0.01 
mg. unit by 15 normal individuals. This 
evidence indicates that folic acid is unlike 
other members of the B-complex in that 
only traces appear in the urine of man. 
Since folic acid might be excreted in the 
urine in a complex microbiologically inactive 
form, urine samples were subjected to auto- 
claving, autoclaving with dilute acid or 
alkali, and digestion with takadiastase (an 
enzyme preparation used to release folic 
acid from tissue combination). These pro- 
cedures did not increase the amount of folic 
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the shift may be determined by the extent 
to which we are committed to prevent 
starvation and to supplement other food 
supplies abroad after the war. 


BY RAT LIVER IN VITRO 


acid found in the urine. However, when 
urine samples were incubated with a fresh 
rat liver preparation, more folic acid was 
found than could be accounted for by the 
sum of the contents of the individual in- 


gredients. 


A study of the material present in urine 
and the conditions necessary for the forma- 
tion of folic acid by the rat liver preparation 
showed that: (1) no increase in the folic 
acid content occurred when a heated rat liver 
preparation was used; (2) the reaction was 
inhibited by high concentrations of sodium 
chloride and by M/1500 sodium cyanide and 
did not occur if liver extracts were used in- 
stead of fresh liver; (3) the material in urine 
was stable to autoclaving for one and a half 
hours in the presence of normal hydrochloric 
or sulfuric acid under which circumstances 
folic acid itself is destroyed; (4) xanthopterin 
alone, among the pure compounds tested, 
permitted the formation of an increased 
amount of folic acid when incubated with rat 
liver; (5) adenine, guanine, xanthine, uracil, 
cytosine, and synthetic leucopterin were 
ineffective; (6) grass and liver extracts when 
autoclaved with acid and then incubated 
with liver tissue were also found to contain 
more folic acid than was found in the original 
extracts. The substance producing folic 
acid from urine, grass, and liver has not been 
identified yet, but the evidence indicates 
that it may be related to xanthopterin. 
Three possible explanations of these findings 
are offered: (1) this material may serve as 
a catalyst for the enzymatic synthesis of 
folic acid, (2) it may in some manner release 
folic acid not liberated by takadiastase from 
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tissue complexes, or (3) it may serve as a 
substrate for the enzymatic synthesis of folic 
acid. The data presented favor the last 
hypothesis and suggest that xanthopterin, 
or a substance derived from it, may con- 
stitute a portion of the folic acid molecule. 
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There is no evidence for a specific dietary 
requirement for folic acid by man. How- 
ever, the fact that only traces of dietary folic 
acid appear in the urine permits the assump- 
tion that it plays a role in normal me- 
tabolism. 


PURIFIED DIETS FOR LABORATORY ANIMALS 


The increasing availability of many vita- 
mins in pure or crystalline form has made it 
possible for investigators to define more 
accurately the nutritional requirements of 
different species of animals. That funda- 
mental differences in vitamin needs exist was 
indicated by the knowledge that man, mon- 
key, and the guinea pig require a source of 
vitamin C in their diets while most animals 
are able to synthesize it. These studies have 
at least a twofold value. They add to our 
information about the physiology of indi- 
vidual nutrients; by withholding only one 
substance from a purified adequate diet, it is 
possible to determine more precisely the 
physiologic and biochemical functions of 
that substance. They also make it pos- 
sible for investigators in allied fields to use 
simplified diets with the assurance that 
adequate nutrition will be maintained. 
Cognizance has had to be taken of the fact 
that many animals may derive a part or all 
of their needs for specific vitamins from 
synthesis by intestinal bacteria (Nutrition 
Reviews 1, 4, 175, 220 (1943)) but this con- 
sideration has not interfered seriously with 
the problem of defining dietary needs. In 
some instances, crude extracts must still be 
added to synthetic rations to maintain 
optimal growth and health, but these are con- 
stantly being purified and reduced in num- 
ber. In this review, no attempt will be 
made to give the minimal daily requirements 
of individual vitamins even when these have 
been determined; most investigators have 
deliberately used amounts known to be in 
excess of minimal requirements so as to 
complicate as little as possible their search 


for nutritional factors not included in a 
ration. 

The rat has become the standard reference 
animal for experiments on highly purified 
diets because it can be maintained on such 
rations in a state of health which at least 
closely approximates the normal. Practi- 
cally all of the highly purified diets employ 
(1) vitamin-free casein; (2) dextrin, starch, 
sucrose, or glucose; (3) lard, hydrogenated 
cottonseed oil, or corn oil; (4) a salt mix- 
ture; (5) supplements of the fat soluble 
vitamins; and (6) the available crystal- 
line water soluble vitamins. Richardson, 
Hogan, Long, and Itschner (Proc. Soc. Exp. 
Biol. Med. 46, 530 (1941)) found that rats 
fed a diet of this type, in which the fat 
soluble as well as the water soluble factors 
were given in pure form, grew at a rate below 
normal. However, when lard and a concen- 
trate of vitamins A and D were added, the 
animals not only grew normally but repro- 
duced. Martin (Am. J. Physiol. 136, 124 
(1942)) has reported “‘seemingly normal nu- 
trition”’ of rats on a diet containing thiamin, 
riboflavin, pyridoxine, niacin, pantothenic 
acid, choline, inositol, and p-aminobenzoic 
acid as the only source of the B-vitamins. 
Biotin and folic acid are apparently supplied 
to the rat by the intestinal bacteria (Nuiri- 
tion Reviews 1, 220, 341 (1943)). Ob- 
servations have not been continued for a 
sufficiently long period of time, however, to 
make certain that growth, reproduction, and 
lactation will continue to be normal in suc- 
cessive generations of animals reared on the 
purified ration. 

Mice fed the same eight pure B-vitamins 
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plus a rice polish filtrate have failed to repro- 
duce consistently in one experiment (Rogers, 
McElroy, and Cowgill, Science 95, 203 
(1942)). However, Foster, Jones, Dorfman, 
and Kobler (J. Nutrition 25, 161 (1943)), 
using a diet in which purified fibrin was sub- 
stituted for casein, raised mice to the fourth 
generation with a similar vitamin supple- 
ment. Fertility, as measured by the num- 
ber and size of litters, was equal to that of 
animals reared on a good stock diet, but 
growth was slow and mortality during the 
preweaning period was high. The addition 
of 2 per cent of a liver extract did not com- 
pletely correct the inadequacy of the diet. 

Purified rations have been much less suc- 
cessful in maintaining the nutrition of the 
guinea pig. Sober and associates (J. Nutri- 
tion 24, 503 (1942)) have found that diets 
containing ascorbic acid, thiamin, riboflavin, 
pyridoxine, niacin, pantothenic acid, and 
choline as the water soluble vitamins must, 
in order to be made adequate, be supple- 
mented with three factors supplied by: (a) 16 
per cent grass, (b) 16 per cent yeast, and (c) 
20 ml. of winter milk. It will be noted that 
inositol or p-aminobenzoic acid were not 
included among the crystalline factors added. 
Folic acid and biotin may be two of the miss- 
ing nutrients, but they certainly will not 
account for all of the deficiencies of the 
ration. Interpretation of these results has 
been confused by the fact that Hogan and 
Hamilton (J. Nutrition 23, 533 (1942)) suc- 
cessfully reared guinea pigs on a simplified 
ration which contained dried yeast as the 
source of all the water soluble vitamins; they 
are inclined to question the existence of a 
special ‘‘grass juice factor’ for guinea pigs. 
However, Sober et al. have evidence that 
certain samples of yeast contain the “grass 
juice factor.”” Woolley (J. Biol. Chem. 143, 
679 (1942)) also has presented evidence for 
three unidentified factors required by the 
guinea pig in addition to those available in 
crystalline form. Two partially purified 
fractions of linseed meal and dried grass were 
all required on a purified diet. The relation 
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of these factors to those in the supplements 
used by the Wisconsin workers is as yet 
unknown. 

The golden hamster, currently being used 
in the study of human virus diseases, was 
shown by Cooperman, Waisman, and Elveh- 
jem (Proc. Soc. Exp. Biol. Med. 52, 250 
(1943)) to grow and reproduce normally on 
purified diets supplemented with haliver oil, 
thiamin, riboflavin, calcium pantothenate, | 
pyridoxine, sodium  para-aminobenzoate, 
inositol, and choline. Under these condi- 
tions, vitamin C and niacin were not re- 
quired. : 

Successful maintenance of the chick on a 
synthetic diet has not as yet been reported. 
Richardson, Hogan, and Karrasch (J. Nutri- 
tion 24,65 (1942)) found that a purified ration 
containing gelatin and supplemented with 
vitamin A percomorph liver oil, vitamin D, 
thiamin, riboflavin, pyridoxine, calcium pan- 
tothenate, choline, inositol, p-aminobenzoic 
acid, niacin, 2 methyl-1,4-naphthoquinone, 
alpha tocopherol, and biotin, was not com- 
plete. Chicks fed this diet grew slowly and 
developed perosis unless 1 per cent of a water 
extract of beef liver was added. The factors 
in the liver extract were absorbed on fuller’s 
earth at a pH of 1.0 and eluted by 0.2 N 
ammonia. Under other experimental con- 
ditions, Hogan and Parrott (J. Biol. Chem. 
132, 507 (1940)) have also demonstrated 
that chicks became anemic unless supplied 
with another liver factor termed by them 
vitamin B,. This latter material has been 
obtained in crystalline form by Pfiffner e¢ al. 
(Science 97, 404 (1943)). Its chemical struc- 
ture has not as yet been identified, but 
Pfiffner and associates suggest that it may 
be identical with folie acid. 

Elucidation of the nutritional require- 
ments of the monkey is of special importance 
because Day and associates (J. Exp. Med. 
72, 463 (1940)) have demonstrated that a 
nutritional cytopenia develops when the 
animals are fed a modified Goldberger diet. 
The leucopenia and anemia were cured by a 
liver factor, termed vitamin M, which is not 
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identical with the antipernicious anemia fac- 
tor. Some of the newer members of the 
vitamin B-complex were not differentiated 
from the “M” factor. Waisman, Rasmus- 
sen, Elvehjem, and Clark (J. Nutrition 26, 
205 (1948)) fed young rhesus monkeys 
weighing 1 to 2.5 kg. a highly purified diet 
supplemented with thiamin, niacin, ribo- 
flavin, pyridoxine, calcium pantothenate, 
choline chloride, p-aminobenzoic acid, inosi- 
tol, ascorbic acid, and cod liver oil. Animals 
given nothing else died in from twenty-eight 
to one hundred nineteen days. They ap- 
peared cachectic, showed a definite gingi- 
vitis, an unkempt blackish appearance of the 
fur, occasional transient edema of the face, 
and anorexia. At autopsy they showed ex- 
tensive gingivitis with occasional necrosis 
of the gums which often involved the mucous 
lining of the cheek. Four monkeys de- 
veloped necrotic lesions of the face. There 
were petechial hemorrhages in the gastro- 
intestinal tract. Slight degrees of anemia 
and a severe terminal leucopenia developed. 
Shigella paradysenteriae were cultured from 
the stools. Addition of 3 per cent whole 
liver or of 3 per cent liver extract prevented 
these changes and supported normal growth. 
Three per cent of a solubilized liver residue 
was less effective. Whole liver and liver 
extract also had a curative effect if given 
before the animals were near death. 
Wilson, Doan, Saslaw, and Schwab (Proc. 
Soc. Exp. Biol. Med. 50, 341 (1942)) made a 
careful study of the hematologic changes 
produced in Macaca mulata monkeys fed a 
similar diet. Some of their animals also 
received pimelic acid and glutamine. All 
developed a leucopenia which terminally be- 
came profound and involved all white blood 
cell elements. Anemia appeared in only 8 
of 15 monkeys prior to the terminal stage. 
Two of the animals with a leucopenia were 
given intramuscular injections of ‘folic acid”’ 
concentrate prepared from a yeast autoly- 
sate; it is stated that “preliminary observa- 
tions suggest that some factor in this prepa- 
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ration is effective in reestablishing a normal 
white cell equilibrium.” Saslaw, Wilson, 
Doan, and Schwab (Science 97, 514 (1943)) 
have reported that a yeast fraction contain- 
ing, among other things, folic acid, closely 
simulated the curative and preventive effects 
of liver extract in these monkeys. It is pos- 
sible, though certainly not proved, that folic 
acid and vitamin M may be identical. How- 
ever, it should be pointed out that the name 
folic acid was originally given to an unidenti- 
fied factor required by certain lactic acid 
bacteria (Mitchell, Snell, and Williams, //. 
Am. Chem. Soc. 68, 2284 (1941)). One of 
the properties of this factor is that it is 
adsorbed by fuller’s earth. It now appears 
that at least three factors required by bac- 
teria have been separated, all of which have 
some similar properties (Stokstad, J. Biol. 
Chem. 149, 573 (1943)). 

Whether the concentrate originally termed 
folic acid contained a single factor or several 
isas yet unknown. Similarly the activity of 
the various crude preparations for animals 
may be due to one or more factors. In the 
light of these results one might question the 
advisability of crediting the activity of crude 
preparations to ‘folic acid.”’ 

It is apparent, therefore, that only the rat 
and the golden hamster have been main- 
tained satisfactorily on highly purified diets, 
and these studies have not been continued 
long enough to provide assurance that abnor- 
malities of growth, reproduction, or lactation 
might not develop in succeeding generations 
kept on the same regime. The possibility 
exists that folic acid may be one of the 
factors supplied by crude preparations in 
some of the diets used, but it seems highly 
probable that there are other unidentified 
factors as well. Even though crude sources 
of the B-vitamins must still be supplied to 
some of the animals, the amounts necessary 
have been greatly reduced. It is highly 
probable that even these will be eliminated 
during the next few years. 
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AN EVALUATION OF THE CHEMICAL ASSAY OF ASCORBIC ACID 


The indophenol titration of ascorbie acid 
is certainly the simplest chemical vitamin 
assay method, and its very simplicity has 
led to the extensive compilation of data on 
the vitamin C content of foods. Some of 
these data unfortunately represent only a 
routine “collection” without due regard to 
the specificity of the chemical method as 
applied to the particular product. 

For some years after the introduction of 
the indophenol titration, parallel animal 
assays were used to check the specificity of 
the chemical method. The repeated agree- 
ment of the two methods, at least as found 
with a variety of fresh and cooked vege- 
tables, has apparently convinced many in- 
vestigators of the applicability of the 
chemical method. Many workers are fur- 
ther satisfied that the more recent photo- 
electric indophenol methods overcome most 
of the difficulties due to reducing substances 
other than ascorbic acid. This is not en- 


tirely true since in certain products there 
are interfering reducing substances which 
are most difficult to distinguish from the 


vitamin itself. Such substances are known 
to occur in various caramelized and fer- 
mented products such as malt extracts, 
heated cereal grains, and fermented juices. 
Substances responsible for nonspecific re- 
duction of the indophenol dye include stan- 
nous and ferrous salts, sulfites, sulfhydryl 
compounds, sulfides, thiosulfates, reductinic 
acid, and the so-called ‘‘reductones.”” Many 
of these materials do not normally occur in 
plant or animal tissues and if known to be 
present can be removed, but others, par- 
ticularly the group of substances often re- 
ferred to as “reductones,” may be encoun- 
tered frequently. 

Reductone, in the strict chemical sense, is 
hydroxypyruvic aldehyde and results from 
the alkaline splitting of sugars. It is un- 
likely that this particular substance is 
formed during the heating of foodstuffs, but 
other reducing substances may be formed 


and these are nevertheless commonly classi- 
fied as “‘reductones.”’ Enders (Biochem. Z. 
314, 389 (1943)) has demonstrated the 
formation of “reductones”’ in the heating of 
sugar at pH 5.4, with less extensive forma- 
tion at more acid reactions, and more ex- 
tensive formation with additional glycine or 
protein. The reducing substances formed 
apparently have chemical structures similar 
to that of ascorbie acid and are suspected to 
result from an aldol type of condensation 
between carbohydrate and protein de- 
rivatives. 

According to Mapson (Nature 162, 13 
(1943)), “reductones”’ are encountered not 
only in caramelized and fermented products 
but also in certain dehydrated foods which 
have been subjected to heat treatment. 
The specificity of the usual indophenol 
titration for ascorbic acid in these foods, 
particularly after storage, is therefore open 
to question. The reductones are difficult to 
distinguish chemically from ascorbic acid; 
they possess only slightly different stabilities 
in acid and alkaline solution, and are 
oxidized by copper and even by ascorbic acid 
oxidase. Mapson has devised a method 
which in principle involves the condensation 
of the ascorbic acid with formaldehyde at 
pH 2.0, an acidity at which the reductones 
are only slowly condensed. The actual 
amount of reductones is derived by extrap- 
olation from a series of determinations 
made at intervals, and the actual ascorbic 
acid calculated by difference from the total 
reducing power. The method appears to 
be time-consuming, but the author believes 
it to be a highly specific method for ascorbic 
acid in the presence of reductones. 

The possible presence of dehydroascorbic 
acid in the material to be assayed by the 
chemical method is often disregarded. This 
is partly due to the precedent of earlier work 
in which it was demonstrated that little 
dehydroascorbic acid was present in fresh 


vegetables, but there is also a natural 
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antipathy to the hydrogen sulfide reduction 
method. The method is not only time- 
consuming and a difficultly controlled tech- 
nical procedure, but it is known that this 
procedure may give rise to much newly 
formed reducing material other than ascorbic 
acid. Many aldehydes, ketones, and 
quinones which may exist naturally in ani- 
mal and plant tissue give rise to interfering 
materials. Nevertheless the need for more 
frequent determinations of oxidized vitamin 
C exists, especially since accumulating evi- 
dence indicates that there may be con- 
siderable amounts of this form in stored 
dehydrated and frozen vegetables. Even in 
the case of fresh cabbage, a rich source of 
vitamin C, Giinther (Biochem. Z. 314, 277 
(1948)) has reported that the young inside 
leaves of the cabbage head may contain 
half of the total amount of vitamin C in 
the oxidized form. 

The same investigator has proposed a 
simple electrolytic method for the reduction 
of the dehydroform, which by its simplicity 
should encourage more extensive study. In 
this method the 2 per cent metaphosphoric 
acid extract is placed in a porous clay cup 
and immersed in a beaker of 2 per cent meta- 
phosphoric acid. A platinum wire electrode 
(cathode) is inserted in the acid extract, and 
a platinum foil electrode (anode) is placed 
in the outer chamber of metaphosphoric acid. 
The passage of a 4 to 6 volt and 7 milli- 
ampere current for ten minutes was found 
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to reduce the dehydroascorbic acid quanti- 
tatively. Reduced vitamin C is therefore 
measured initially on an aliquot of the 
plant extract, and total vitamin C after 
electrolytic reduction. In many vegetables 
this simplified method yielded results which 
closely agreed with the more conventional 
lead acetate precipitation and hydrogen 
sulfide procedure. The most notable ex- 
ception was potatoes, in which the hydrogen 
sulfide procedure gave much higher values 
than the electrolytic. It is interesting to 
note that in this case the methylene blue 
titration following hydrogen sulfide reduc- 
tion yielded results more comparable with 
the electrolytic procedure than the indophe- 
nol titration. 

The electrolytic method for dehydro- 
ascorbic acid is of course no more specific 
than the indophenol titration itself, but ap- 
parently avoids the formation of many in- 
terfering substances encountered in the 
cumbersome hydrogen sulfide method. 

The use of formaldehyde in the indophenol 
titration and the electrolytic reduction of 
dehydroascorbic acid, although not of the 
greatest desired simplicity, represent a great 
advance toward a more specific method for 
vitamin C. Their application should be 
seriously considered, particularly in connec- 
tion with the current interest in the vitamin 
C content of stored, dehydrated, and frozen 
fruits and vegetables. 


THIAMIN DEFICIENCY BY PYRITHIAMIN 


Many enzymes possess an active or 
“prosthetic” group which appears to engage 
the substance acted upon (substrate) by 
virtue of both prosthetic group and sub- 
strate being adsorbed on the same protein 
surface. For a given enzyme, only sub- 
stances with a particular structure can be 
adsorbed and made available for reaction, 
thus accounting for the specificity displayed 
by enzymes. However, it has also been 


recognized that a substance may have a 
chemical structure sufficiently similar to the 
normal prosthetic group or substrate to allow 
its adsorption, but sufficiently different so 
that the chemical reaction cannot occur. 
Such a substance may “clog” the enzyme 
surface or compete with the normal sub- 
stances, thus inhibiting an essential reaction 
of metabolism. 

Sulfanilamide, so similar in structure to 
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the bacterial growth factor, p-aminobenzoic 
acid, acts as an inhibitor for the growth of 
certain bacteria. Thiopanic acid, similar 
in structure to pantothenic acid, also pre- 
vents growth of certain microorganisms. In 
animals, the administration of either 3 ,3’- 
methylenebis (4-hyvdroxycoumarin) or sali- 
evlic acid, presumably because of their 
chemical relationship to vitamin K (Nutri- 
tion Reviews 1, 275 (1943)), produces 
hypoprothrombinemia. In each case a com- 
petitive action between the vitamin and the 
inhibitory substance has been demonstrated. 
Woolley and White (J. Biol. Chem. 149, 285 
(1943)) have demonstrated the production 
of thiamin deficiency disease in mice by the 
administration of a pyridine analogue of 
thiamin, pyrithiamin. 

Unfortunately, in mice, no characteristic 
syndrome is produced by feeding a diet lack- 
ing in thiamin, since these animals prefer 
to eat less and die of starvation before dis- 
plaving typical signs of thiamin deficiency. 
The symptoms produced by the feeding of 
pyrithiamin however are strikingly similar 
to those produced by thiamin deficient diets 
in other species, and leave little doubt that 
this substance is in fact producing thiamin 
deficiency by competition with the natural 
vitamin. 

A diet, mostly synthetic, which had been 
previously found adequate for mice was 
supplemented with graded quantities of 
pyrithiamin. When sufficient amounts of 
this analogue were fed, symptoms appeared 
regularly in five to twelve days and at nearly 
the same time in all the animals similarly 
treated. The affected animals first appear 
inactive and assume a hunched posture, 
followed by tremors and even convulsions. 
Spasticity of the legs and violent backward 
jerking of the head occurred. Unilateral 
weakness was also present, resulting in the 
animals walking in circles. Many of these 
symptoms are strongly akin to those seen 
immediately before and during the opistho- 
tonos stage of thiamin deficiency in the 
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pigeon. Death usually oceurred within 
three days after the onset of the symptoms. 
If thiamin was administered during this 
period, immediate improvement occurred. 

A competition between thiamin and pyri- 
thiamin was readily demonstrable. Ani- 
mals fed large amounts of thiamin and small 
amounts of the inhibitor failed to develop 
symptoms, but if the ratio of pyrithiamin 
to thiamin was sufficiently increased, the 
characteristic syndrome occurred. On a 
fixed amount of thiamin, an increased 
quantity of pyrithiamin acted to produce an 
earlier onset of the deficiency symptoms. 
An apparent delayed effect and cumulative 
action of pyrithiamin caused difficulty in 
establishing accurately the ratio of inhibitor 
to vitamin required to prevent or cure the 
deficiency disease, but this ratio appeared 
to be from 20 to 40 parts of inhibitor to one 
of thiamin. 

The vitamin-inhibitor experiments of 
Woolley and White and their extension 
have a probable future significance in the 
investigation of vitamin deficiency diseases. 
Study of deficiency states might be greatly 
simplified by this technic in that extensive 
purification and preparation of a synthetic 
diet could be spared. The use of a purified 
diet often involves the possibility that fac- 
tors other than the one intentionally omitted 
are also lacking, and therefore that the de- 
ficiency syndrome produced is complicated 
by the lack of more than one factor. The 
still debated question of nerve involvement 
in thiamin deficiency is important in this 
respect. 

In vitro experiments on the metabolism 
of tissues from vitamin deficient animals 
have in general been difficult of interpreta- 
tion. It is likely that during the develop- 
ment of the deficiency, the animal has been 
able to compensate at least in part for the 
abnormal metabolism imposed by lack of the 
vitamin. The use of vitamin-inhibitors 
added directly to normal tissue may be a 
more successful technic to demonstrate a 
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specific abnormality of metabolism due to 
the nonfunction of a given vitamin. 

Finally, the use of compounds such as 
pyrithiamin should aid greatly toward the 
ultimate goal of accurately describing hu- 
man vitamin deficiency states. The pro- 
duction of experimental vitamin deficiencies 


Analysis of the factors which control and 
influence the absorption of vitamin A from 
the intestinal tract continues to attract in- 
vestigative interest. Earlier work has 
shown that the concomitant administration 
of vitamin A and paraffin oil may lead to 
decreased absorption of the vitamin 
(Rowntree, J. Nutrition 3, 346 (1931); 
Andersen, Klin. Wchnschr. 18, 499 (1939)). 
At least small amounts of vitamin A may be 
assimilated even though bile is absent from 
the intestine (Schmidt and Schmidt, Univ. of 
Calif. Pub. Physiol. 7, 211 (1930)). No 
agreement has been reached as to the role 
played by dietary fat in promoting absorp- 
tion of vitamin A (Nutrition Reviews 1, 
803 (1943)). Adlersberg and Sobotka (J. 
Nutrition 25, 255 (1943)) have reported 
that defatted commercial lecithin greatly 
improves vitamin A assimilation even in 
patients with sprue. The two recent in- 
vestigations to be reviewed here have 
analyzed (1) the effect of the concentration 
of the vitamin fed, and (2) the effect of 
atropine on absorption. 

Reifman, Hallman, and Deuel (J. Nutri- 
tion 26, 33 (1943)) determined the rate of 
disappearance of vitamin A from the in- 
testinal tracts of rats when concentrations 
varying from 100 to 1,000,000 I.v. per gram 
were fed. The vitamin A solutions were 
administered by stomach tube and the 
amount remaining in the gut after three 
hours was determined. The dose was regu- 


lated so that 300 mg. were given per 100 sq. 
em. of surface area. 


Animals were pre- 
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in man has been difficult technically since 
monotonous and unpalatable diets must 
often be imposed on the subjects. It would 
seem entirely possible to produce a similar 
deficiency state by the addition of the ap- 
propriate vitamin-inhibitor to an otherwise 
normal diet. 


pared for the experiment by being fed a 
vitamin A-low diet for six days and being 
fasted for an additional forty-eight hours in 
order to decrease the amount of vitamin A 
extractable from the intestinal tract. This 
latter amount was determined on control 
rats and used as a correction factor to be 
subtracted from the amounts of vitamin A 
recovered from the experimental animals. 
The gastrointestinal tract, after its removal, 
was flushed with 70 ml. of freshly distilled 
diethyl ether. Vitamin A determinations 
were made on these extracts. Ninety-two 
per cent or more of the vitamin was re- 
covered if the animals were killed immedi- 
ately after being given the test dose. In 
order to prove that bacterial action did not 
destroy a significant amount of vitamin A 
during a three hour period, the intestines of 
41 rats were incubated for three hours after 
removal at 37°C.; recovery was equally 
good. It is important also that the per 
cent recovery was as high with the large 
doses of the vitamin as with the small. 
With this technic, the rate of absorption was 
found to be directly proportional to the 
concentration of the vitamin given. At the 
lowest levels (100 1.U. per gram), 27 to 38 
per cent of the quantity fed was absorbed. 
This value dropped to 24 per cent for the 
100,000 1.v. material and to 9 per cent for the 
1,000,000 1.v. concentrate. The speed of 
absorption was two thousand times as fast 
with the high potency material as with the 
weakest solutions. In addition to this 
demonstration, two other important ob- 
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servations were made. In the first place, 
there was no evidence that a proportionality 
existed between the absorption of vitamin A 
and fat. The quantity of fat absorbed 
during the three hour period varied from 
28.5 to 29.8 mg. per 100 sq. cm. of surface 
area while the quantity of vitamin A ab- 
sorbed varied from 4.2 to 2108 1.v. per 
100 sq. cm. per hour. Second, the power of 
the rat to absorb vitamin A is tremendous. 
With the most concentrated preparations, 
an average of 85,000 I.u. was absorbed in a 
three hour period. Were the rat able to 
store this amount and use it efficiently, it 
would represent almost a forty-five year 
supply at a daily consumption rate of 5 1.v.! 

Vitamin A absorption is known to be de- 
fective in sprue. Since there is evidence 
that the absorption defect in this disease may 
be dependent upon the abnormal intestinal 
motor activity present (May and McCreary, 
J. Pediatrics 17, 143 (1940)), and since 
atropine reduces the tone of the small in- 
testine so that its motor activity is similar 
to that shown by patients with sprue, Ingel- 
finger, Moss, and Helm (J. Clin. Invest. 22, 
699 (1943)) were stimulated to study the 
effect of atropine on the absorption of vita- 
min A. The 6 human subjects used in the 
investigation were atropinized for three 
hours by subcutaneous injection of 0.6 mg. 
of the drug thirty minutes before, 0.4 mg. 
at the time of vitamin A administration, 
and 0.4 mg. one hour later. In 5 of the sub- 
jects, identical tests were carried out before 
and after atropinization. The test dose 
was usually given as 5 ml. of Navitol 
(250,000 1.U. of vitamin A) through a Miller- 
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Abbott tube into various levels of the small 
intestine. In a few instances, twice this 
amount was fed orally. The level of vita- 
min A in plasma was determined for three 
to five hours thereafter. Atropine by itself 
did not influence the plasma vitamin A 
level. Atropinization, however,  consis- 
tently depressed the rate at which the vita- 
min A appeared in plasma. In samples 
taken two to three hours after the test dose, 
the vitamin A level in unmedicated patients 
showed an average increase of 254 I.U. over 
the fasting value, whereas the average in- 
crease in the same subjects treated with 
atropine was only 37 1.u. In one subject, 


the effect was the same whether the Navitol 
was given by mouth, into the duodenum, 
into the jejunum, or into the high ileum. 
On this subject it was also determined that 
the normal absorption rate was not acceler- 
ated if the Navitol was emulsified in an 
ox-bile solution or if pilocarpine was given. 


Fresh intestinal juice injected into the 
duodenum immediately after the vitamin A 
solution partly counteracted the atropine 
effect; an equal volume of water did not 
influence the result. The authors suggest 
that the effect of atropine may be due to two 
factors: (1) decreased tone, and (2) an 
inhibition of pancreatic and biliary secre- 
tions. These observations not only add 
more information about the relationship of 
intestinal motility to the assimilation of 
vitamin A and about the absorption defect 
in sprue; they also excite interest in the 
general physiologic problem of the effect of 
intestinal tone on all types of absorption. 
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Nutrition in the War 


Nutrition has assumed an important place 
in the strategy of war. It is being given 
important consideration in respect to our 
troops and those of our allies, as well as in 
regard to our own civilian population and 
that of occupied countries. The numerous 
problems are being attacked by a number of 
committees and other organizations and, 
from time to time, reports become available 
for public information. These are of interest 
even though it is known that certain in- 
formation must be withheld owing to the 
exigencies of war. 

Bing (J. Lab. Clin. Med. 28, 1295 (1943)) 
calls attention to the work which is being 
carried out in the study of food requirements 
of shipwrecked personnel, troops in desert or 
jungle areas, or wherever the situation re- 
quires conservation of available supplies of 
water. One question receiving attention is 
the desirability of reducing the protein and 
mineral content of emergency rations to a 
minimum since these substances involve the 
excretion of urea and salts in aqueous solu- 
tion through the kidneys, thus depriving the 
body of some of its water. Another problem 
of interest is the possible value of candy con- 
taining citric acid which would act as a 
stimulant for salivary secretion. 

Which is the best diet for men in service 
on submarines or in airplanes? Will feed- 
ings of light meals at four-hour intervals 
tend to diminish airsickness? Investigation 
has indicated that gas-containing foods and 
beverages should be eliminated from the diet 
of aviators. Some studies have suggested 
that vitamin C is of special value for men 
flving at high altitudes. The relation of 
vitamin A to visual acuity is still a debatable 
point. No evidence has been offered to 
prove that an excess of vitamins has any 
value in well nourished persons. 

The nutritional status of industrial workers 
is a matter of great importance and various 
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surveys have indicated the poor selection of 
diets by such workers. The complex fac- 
tors which enter into such a poor selection 
and the significance of imperfect diets in 
relation to the health and efficiency of work- 
ers are unsettled questions. 

While some persons may not be as well 
satisfied as to the amount and variety of 
food as they once were, it is to be noted that 
for a large proportion of the population, the 
nutrition situation is superior to that of a few 
years ago. This can be accounted for by 
improved financial status, improvements in 
methods of processing foods, enrichment of 
bakers’ white bread and, indirectly, by cur- 
tailment of supplies of sugar. How impor- 
tant a factor the campaign of education in 
nutrition has been, is difficult to say. To 
illustrate how complex the problem really is, 
Bing points out that an improved market 
for pork led to a shortage of corn which not 
only affected the food supply directly and 
indirectly, since corn is needed for the growth 
of yeast used in making bread, but also 
affected industry since the corn products are 
used for materials employed in the manu- 
facture of explosives, aluminum, magnesium, 
bronze, steel, and other war products. 


Polar Bear—Beware! 


The ingestion of polar bear liver by men 
and dogs has long been known to Eskimos 
and arctic explorers to result in severe illness. 
Two different explorers’ accounts report the 
loss of skin from head to foot of men who 
have ingested bear liver. More recent ac- 
counts have varied somewhat as to the 
severity of thisillness. It is reported that 19 
members of an expedition in 1913 became 
sick with the following symptoms and signs, 
after eating bear liver: drowsiness, severe 
headache, and vomiting during the first 
twenty-four hours, followed by peeling of 
the skin around the mouth with gradual 
spreading over larger areas. More recently, 
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Doutt (J. Mamm. 21, 356 (1940)) re- 
ported that he and a party of 6 others 
partook of freshly killed polar bear liver. 
On the following morning all were sick with 
violent headaches, nausea, and_ torpor. 
Recovery was more prompt with those who 
took laxatives; the others remained sick 
for two to three days. No peeling of the 
skin was noted in any of this group. 

Previous attempts to identify the toxic 
principle of polar bear liver have not been 
successful. Recently, Rodahl and Moore 
(Biochem. J. 37, 166 (1943)) reported that 
rats fed polar bear liver showed signs typi- 
cal of hypervitaminosis A—roughening of 
the skin, and internal hemorrhage. On 
analysis, polar bear liver was found to con- 
tain as high as 18,000 1.U. of vitamin A per 
gram of wet material. Calculations by the 
authors on the basis of toxicity to rats indi- 
cate that about 7,500,000 1.u. of vitamin A 
would be required to have a similar effect 
on man. This amount would be present in 
about 375 g. of bear liver, which is not an 
excessively large portion to be consumed at 
a single meal. 

While the results of the rat feeding experi- 
ments were not as striking as might be hoped 
for, since only a few animals would eat the 
bear liver, the authors feel that there is no 
reason to look beyond vitamin A for the 
cause of toxicity in man, although other sub- 
stances are not excluded by this study. 


Nutrition in India 


‘Dietary ideas, if not responsible for, at 
least help maintain hostility between Hindus 


and Mohammedans. An American jour- 
nalist describes thus the India of only four- 
teen years ago: ‘I remember being invited 
by a prominent member of the Indian Na- 
tional Legislature to his home. He was one 
of the most cultivated men of the country 
and a leading patriot. Dressed in a cloth of 
white, across his chest he wore a holy thread 
—the outward sign of the high rank with 
which he lives and dies. On his forehead 
was piously inscribed, fresh each morning, 
the monogr am of his god, and in his hand he 
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carried a pot in which he brought his daily 
meal. I knew enough not to touch the 
vessel. For had I done so he would never 
have used it again. We talked many times 
and he was a brilliant conversationalist. 
He was very courteous, but I could never 
ask him to dine with me. As an orthodox 
Brahmin he could not eat at the same table 
with a beef eater.” 

Dietary changes wiil be, of course, a major 
task in the reconstruction of India, since 
each caste has its own dietary rules. Inter- 
dining, which is a term used for the eating 
together of members of different castes— 
the number of which is over 3000—is a 
scaring social problem. To some castes, as 
for example many Brahmins, meat, poultry, 
fish, and eggs are tabooed. Even vegetables 
such as onions and mushrooms are polluting 
and tabooed to many Brahmin castes. A 
nutrition movement would probably be con- 
fronted with more difficult tasks than would 
an international political conference for de- 
termining India’s independence. 

Fortunately, science can be of help. Just 
as there are many ways of obtaining a poor 
diet, so are there many ways of devising a 
good one. It may be a little more costly 
and troublesome, but good diets can be 
designed for each traditional, national, or 
even individual preference. Tabooes and 
dislikes limit freedom but can be overcome if 
there are other ways of bringing about im- 
mediate betterment in eating habits. 
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